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Abstract 
 
Permanent Global Navigation Satellite System (GNSS) networks of Continuously Operating Reference 
Stations (CORS) are becoming routinely used for surveying activities, including maintenance of the 
geodetic datum, deformation monitoring and land surveying. These networks consist of several fixed 
GNSS antennas and receivers that operate on a 24-hour basis and provide positional information to 
those who request it. Before a network can be used in survey application it must be validated to ensure 
the results required for specific tasks are achievable. 
 
The NSW Department of Lands (DOL) has developed a network of CORS, predominantly covering the 
Sydney basin called Sydnet. The network objective was to provide a user with centimetre accurate 
coordinates, regardless of their position, using static and real-time kinetic (RTK) applications. This 
dissertation tested and validated the coordinate information provided by Sydnet against class 2A and 
class B for horizontal and class LB and class LC for AHD heights of coordinated permanent survey 
marks found in the northern suburbs and northern beaches of Sydney. The outcome determined 
whether the information provided could position a user with an accuracy and precision that is 
acceptable under current legislation. 
 
The aim was to evaluate and critically analyse the horizontal and vertical results of GNSS observations 
using Sydnet with respect to accuracy, precision and reliability. 
 
Research into the Sydnet system was critical to determine its functionality and limitations before, a 
network of control marks was planned to test these limits. The test network was based on careful 
planning to ensure that the special selection of known coordinated survey marks chosen, provided the 
necessary geometry along with mocking field simulated situations i.e. sky obstructions. The essential 
field observation data was collected in a manner that conformed to the ICSM SP1 standard to make 
certain the best possible outcome for tests 1 and 2 were achieved which were as follows:  
 
Test 1: Rapid static GNSS observations undertaken were to comply with a Class B survey requiring 
two occupations of seven of the eight marks in the network and three occupations of the eighth mark 
all for a half hour period. 
 
Test 2: Real-time static application occupied each mark in the network firstly, for a ten minute period 
from two separate base CORS and secondly, for a one minute period from the same two base CORS 
on a separate day.  
 
Through Leica Geo Office and Microsoft Excel software, the data was processed to determine 
observed values at each network control mark, and then compared with the true value of each mark, 
with the final outcome determining Sydnet’s accuracy, precision and reliability. 
 
Analysis of results has proven that Sydnet can be used as a reliable GNSS tool for two-dimensional 
surveys at present provided that certain procedures are adhered to. Heights provided using Sydnet 
have proven less than adequate in both accuracy and precision tests and if possible other methods 
should be used for project completion until the systems refinement. The tests for reliability proved a 
94% solution rate, which provided confidence in gaining a solution during field operations. 
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1. Introduction 
 
1.1 Problem Statement 
 
Continuously Operating Reference Station (CORS) networks are becoming a common means of 
conducting GNSS observations throughout the world. CORS networks are found in many countries 
and cities and are used for applications like geodetic and tectonic plate monitoring, machine guidance 
and land surveying. 
 
Sydnet is one such CORS network that offers both static and real time kinematic (RTK) operations 
throughout the Sydney region in the state of New South Wales, Australia. Although the system has 
been implemented since 2002 (Kinlyside, 2006), the RTK component of Sydnet has only become 
available to users since May 2008 (DoL, 2008). 
 
Survey firms now have the opportunity to use Sydnet for static and real time observations in survey 
applications. Prior to use in project applications that will go to clients with an expectation of 
correctness, Sydnet must be validated by each firm to ensure their knowledge of the system and its 
limitations. 
 
1.2 Project Aim 
It is the intention of this dissertation to evaluate the horizontal and vertical accuracy and precision of 
coordinates observed with the data supplied by Sydnet, through its CORS network along with 
determining the reliability of the system to provide a solution. The results of the investigation will be 
critically analysed to determine the useability of the CORS network for everyday surveying needs. To 
assist in achieving the aim, the following tasks occurred: 
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Task 1: Research the background into the development of the Sydnet CORS system 
It was essential to this project that the development of the Sydnet system was understood to determine 
its purpose and functionality. 
 
Task 2: Plan a control network of permanent survey marks for use in the validation application 
A significant part of the validation process involved a planned network of Survey Control Information 
Management System (SCIMS) permanent survey marks that had sufficient class and order in both 
horizontal and vertical manners. It was important to maintain good geometry and use a diverse 
selection of marks that have been coordinated using different methods  
o i.e. EDM traversing and GPS observations. 
 
Task 3: Identify and select a methodology to complete a validation of the GNSS network 
There were many methods that can be used to locate the marks chosen in the GNSS network. Some 
methods are better than others and it was important to determine the ‘best’ method to ensure a 
minimisation of errors. In order to achieve this, the Intergovernmental Committee on Survey and 
Mapping (ICSM), Standards and Practices for Control Surveys (SP1) was researched and adopted. 
 
Task 4: Become familiar with the instrumentation 
Leica 1200 series GNSS receivers were the instrumentation used to complete the project. Training in 
the usage of the instrument was essential to ensure data was captured and stored correctly and that 
errors were kept to a minimum during the data capture stage of the project. 
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Task 5: Analyse and evaluate field data 
This objective ties in heavily with the aim of the project and was the core to the validation of the Sydnet 
system. The data received from the SV’s was processed using Leica Geo Office to determine the 
accuracy and precision of data delivered by each adopted CORS base.  
 
Static measurements at each survey mark were post processed with respect to the four nearest 
CORS. 
 
RTK measurements involve the adoption of a single reference station at a time due to network 
limitations currently offering single base only. 
 
The results will then be analysed to determine the differences between static and RTK solutions when 
compared to the specific survey mark occupied. All coordinates are on MGA. 
 
The results of the analysis will then be evaluated to determine the ‘useability’ of Sydnet in survey 
projects by comparison against legislative requirements and/or specific project limitations. 
 
 
1.3 Project Background 
 
The New South Wales (NSW) Department of Lands (DOL) has developed a CORS network (Figure 
1.1) with an objective to “establish a multi-reference differential GNSS network capable of providing 
suitable equipped users with centimetre level position accuracy in real time across the greater Sydney 
metropolitan area” (Kinlyside, 2006).  
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Figure 1.1: Sydnet Configuration – Sydney basin only (Rizos et al., 2004) 
Global Positioning Systems (GPS), more recently called Global Navigation Satellite Systems (GNSS), 
have been evolving at a rapid rate since the early 1970’s. Since the initial development by the United 
States of America (USA) government for military use, many changes have come about to allow the 
general public access to GNSS. Surveyors have taken advantage of the availability of the system and 
in doing so have developed an advanced method of taking measurements of the earth. 
 
GNSS applications range from standard modes of differential GNSS, using pseudo-range techniques 
to precise carrier phase measurements, using ambiguity-solving algorithms. Pseudo-range GNSS can 
provide solutions up to 0.25 of a metre but is generally accepted as metre accurate (Leica 
Geosystems, 2006b). On the other hand, solving ambiguities in carrier phase cycles can provide 
results of 5mm ± 0.5ppm for rapid static horizontal measurements and 10mm ± 0.5ppm for rapid static 
vertical measurements (Leica Geosystems, 2006b). 
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There are limits that exist for conventional differential GPS that restrict the length of survey baselines 
to approximately 10 - 20km (Gibbings et al., 2005) before atmospheric differences can distort the 
signals received, making the ambiguity-solving component difficult to impossible. Corrections can be 
calculated and applied to post processed surveys however RTK surveys cannot be updated with 
corrections in the field, unless a post processing adjustment has occurred.  
 
The development of CORS networks has once again revolutionised GNSS technology. Currently used 
in many cities and countries around the world, CORS networks are rapidly becoming ‘the more 
sensible approach’ to GNSS surveying. A common practice for CORS networks is to adopt a Virtual 
Reference Station (VRS), allowing corrections to be processed by more than one CORS and providing 
a virtual base station in the local area to be surveyed. Using this method can provide for results of 
centimetre to sub-centimetre accuracies. 
 
The NSW DOL has in place a network of CORS, however at this stage has not yet decided upon the 
application of network RTK, hence at present, only single base RTK is available from certain sites in 
the Sydney basin and nearby rural areas. Whether using a VRS or single base RTK, adopting a CORS 
as a base station not only eliminates theft possibilities by abolishing the need for a localised base 
station, but can also provide correction data for atmospheric bias over the survey baseline required 
regardless of the length (provided both CORS and user receiver can receive signals from the same 
series of satellites (SV’s) to solve phase ambiguities). 
 
As practical as they are, CORS still require testing to determine that the error corrections they provide 
are accurate and precise on a day to day basis in both a horizontal and vertical manner. There are 
many biases to overcome, along with baseline distance constraints and vertical quality of observed 
coordinates has been known to be quite poor when compared to accurately coordinated survey marks 
in specific locations. In order to determine the useability of the system, results must show compliance 
with certain standards. If not they must be able to be manipulated or shifted to provide results that 
conform to those standards. 
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The surveying industry like many others is regulated by legislation on a State by State basis and with 
recent inclusions into the Surveying Regulation 2006 (NSW), determining specific accuracies of both 
Terrestrial Positioning Systems (TPS) and GNSS use, it is important that the CORS network provides 
results that enable surveyors to complete day to day surveys within the limits of the regulation. This 
topic has been chosen to determine whether or not the data provided by each CORS enables 
surveyors to achieve results that are within the set limits and if not, whether there are alternate 
methods to help provide compliance to the legislation.  
 
1.4 Research Justification 
Many firms around the world have more recently placed a strong focus on Quality Assurance as a way 
of verifying results or products prior to their release to clientele. The surveying industry lies within the 
list of firms that requires these measures; therefore it is becoming increasingly important to be able to 
understand how results have been derived in order to verify them. Validating Sydnet using known 
methods and standards provides an understanding hence the verification process is enabled. 
 
As surveyors, we must know that the results we are observing are within specific accuracy and that we 
can have confidence in them. This is paramount to a successful survey firm, where results are often 
passed on to clients who expect correctness.  
 
Confidence in results goes hand in hand with knowing the limits of a system. Sydnet, which is in its 
early stages of release for use, requires validation on the part of each user. This allows users to 
determine the limits in which they can apply the use of Sydnet in project application. At the same time 
the reliability of the system can be determined to provide the user with a reasonable idea of survey 
completion percentages using Sydnet in the field. 
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1.5 Summary 
This research was expected to result in an analysis that determined whether Sydnet GNSS surveys 
comply with current NSW legislation and the needs of users. It is essential for survey firms to be able 
to rely on data provided by external sources e.g. DOL Sydnet system and obtain the best possible 
results by adopting good standards of practice like ICSM SP1, section B for GNSS surveys. 
 
A review of literature for this research will identify the current acts and regulations in place to maintain 
quality standards across the NSW board. Current standards and practices will be reviewed to 
determine a set standard for GNSS methodology. This methodology shall be applied to remove any 
doubts of poor field technique. Relatively recent literature has been published on this topic and as such 
will be reviewed to further the investigations previously undertaken.  
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2. Literature Review 
2.1 Introduction 
With CORS systems in use all around the world, there is a certain need for review of current operation 
limitations, accuracy, precision and reliability testing. Many countries have adopted CORS systems for 
monitoring and surveying purposes and on Australia’s eastern sea board, CORS networks are in place 
in capital cities with the intention of expansion into state wide networks like GPSnet in Victoria. .  
 
Throughout this chapter it is intended to firstly take a look into methods of conventional GNSS surveys 
to understand the limitations of their application; and secondly review current literature with respect to 
CORS networks located on the eastern sea board of Australia with particular interest in Sydnet’s prior 
accuracy, precision and reliability testing. Other CORS networks in Victoria and Queensland will also 
be investigated along with their current operations. 
 
Standards and regulatory requirements must also be reviewed to understand what limitations can be 
placed upon observations from Sydnet, with a major objective of establishing whether the observations 
have the ability to comply. NSW Surveying Regulation 2006 is to be reviewed along with the Surveyor 
General’s Directions No.9, GPS Surveys, for this purpose. Standards exist that must be examined to 
ensure proper methods are applied to observations hence ICSM SP1 will also be reviewed. 
 
2.2 GNSS Overview 
2.2.1 Static GNSS Surveying 
This method of GNSS survey offers great accuracy. It requires the stationary occupation of at least two 
marks for periods as short as ten minutes for rapid static, all the time logging the data received from 
satellites (SV’s) for post processing. The number of SV’s and the Geometric Dilution of Precision 
(GDOP) should be monitored during the data-logging period. If there is any doubt as to the quality of 
the observation the logging period should be extended in time. 
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Good survey practice, as shown in Figure 2.1, requires the occupation of each station (shown A, B, C 
and D) twice from two separate receivers. This offers redundancy and an independent check on the 
original observations. This process does have limits as stated in the Department of Sustainability and 
Environment (DSE), Surveying Using Global Navigation Satellite Systems (2003), where it is indicated 
classic static methods (not shown here) and rapid static methods (see Figure 2.1) provide best results 
when the baselines are less than 10km and 5km respectively.  
 
Other limitations can be found in personnel resources and time management. To operate such a 
technique generally requires the use of at least two people but may require more dependent on the 
number of receivers. Effectively the time taken to complete the survey is double that of the required 
work with two occupations of each station. Time and personnel savings may be viable without the 
requirement of extra instrumentation when adopting permanent reference stations. 
 
 
 
Figure 2.1: Rapid Static Baselines (DSE, 2003) 
 
2.2.2 Real Time Kinematic Surveying 
RTK methods of GNSS surveying have increased productivity amongst survey firms dramatically. The 
process itself is quite simple and masks the complexities that occur behind the scenes in the receiver 
and controller software. Using a receiver as a base station (generally on a known coordinated mark) 
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allows the comparison of a calculated position from the SV’s with the known position of the mark. The 
difference (or correction) can then be transmitted via radio link to the roving unit. The roving unit then 
uses its calculated position from the SV’s and then applies the correction data it is receiving from the 
base station by radio to determine an accurate position in real time.  
 
This technique itself has revolutionised GPS surveys and the technicalities involved in the process are 
far beyond the scope of this project, however RTK does have many limitations. Solving the ambiguities 
for real time application involves the same parameters as static surveys requiring data from SV’s to 
reach both receivers. The essential feature of RTK surveys is the correctional data received from the 
base station. If radio contact cannot be made, correctional data cannot be received at the rover end, 
deeming the resultant position inadequate. Often distance and topography are the reasons for loss of 
radio contact. Typically low strength radio signals can range between 1 to 3 kilometres but can be 
dependant on topography i.e. generally areas with undulating terrain will have an adverse affect on 
radio contact ability. 
 
  
2.2.3 Continuously Operating Reference Stations (CORS) and Networks 
The concept of a Continuously Operating Reference Station is a 24-hour a day, 7 day a week 
operating base station that logs data available to those with authorised access. This data can be 
accessed for the period in which the surveyor requires and can be delivered by email in the desired 
format for application within the GNSS processing software. When placed strategically around a 
specific area (e.g. the Sydney basin) the received data from each CORS can be processed 
simultaneously and provide an operational network of base stations. 
 
Not only do the CORS provide a great tool for post processing GNSS surveys but also offer a real time 
component allowing surveyors to complete surveys using only a rover by adopting a CORS as base 
station. Many countries have adopted CORS systems for monitoring and surveying purposes and in 
Australia CORS systems are either in place or under construction in most states and territories. 
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Although many of these systems operate throughout Australia, the methods used to determine the real 
time position of the user does vary.  
 
Many networks use the Trimble Virtual Reference System (VRS) whereby multiple reference stations 
are used to obtain the best possible solution for a position in the local area. A virtual reference station 
is then created about that position with all corrections being supplied as though there was an existing 
base station present at that point (shown in Figure 2.2 below).  
 
 
 
Figure 2.2: VRS field set-up procedure (Vollath et al., 2002) 
 
Much like VRS, Area Correction Model Broadcasting, streams data from all available CORS and 
analyses the measurements. Distance dependent errors are modelled to develop the best possible 
solution, and then Master Auxiliary (MAX) corrections are relayed to the user to compensate for the 
errors (Leica Geosystems, Leica GPS Spider). The noticeable difference between VRS and Spider is 
that the later does not adopt a virtual reference station in the local area of the site but continuously 
streams the modelled corrections from a network control centre (NCC). 
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Figure 2.3: Leica Spider (Source: Leica Geosystems, 2006a) 
 
Yet another option and the most relevant to this project is the Raw Data Broadcasting. Different to a 
network solution system, this model provides users with a single base solution from an individual 
reference station. To eliminate the distant dependant errors, corrections are broadcast from a NCC 
and received by the user, where computations are performed to provide a solution (Rizos et al., 2003). 
 
The user has the ability to choose the preferred reference station (generally the closest) and providing 
the Ambiguity Resolution (AR) can be solved, centimetre accuracies should be available (Roberts et 
al., 2007). 
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2.3 Operational CORS Networks 
2.3.1 Sydnet 
Background 
Beginning in 1992, a base station was established at Bathurst, the DOL home for Survey Infrastructure 
and Geodesy. In 2000, a proposal was put forward for capital funding of a NSW CORS network. 
Around this period, selective availability (SA) was turned off enabling surveys of far greater accuracy 
and precision by way of GPS and as a consequence the NSW CORS network idea was disapproved. 
The idea never ceased and through persistence the DOL gained funding to implement a CORS 
network in 2002 with CORS installation and initial testing beginning in 2003 (Kinlyside , 2006). Since 
this time Sydnet has been significantly tested by its implementers, Doug Kinlyside and Simon McElroy 
of the DOL with help from students and staff at University of NSW, on a large-scale basis providing 
mixed results. It now boasts a total of eleven CORS; with two more sites under construction (see 
Figure 2.4). Within the Sydney basin however, there exists seven CORS, which provide coverage over 
the majority of the Sydney metro area (see Figure 1.1). 
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Figure 2.4: CORS locations over NSW (Source: DOL 
<http://sydnet.lands.nsw.gov.au/images/MetroNETCoverage.jpg>) 
Operations and Implementation 
To promote the network it must be proven that conventional GNSS techniques are deficient and/or 
limited in providing results for specific applications. Rizos et al. (2003, 2004) outline the limits of the 
standard mode of precise differential GPS (DGPS) positioning and presents network RTK as the 
solution to these limits. Unfortunately, to operate a RTK network that covers a large area there are 
many complications that must be overcome. Perhaps one of the more crucial of these is the 
connection between each CORS. The Sydnet system uses Sydney rail systems (Railcorp) fibre optic 
ATM network to relay data from each CORS to a Network Control Centre (NCC). Real time corrections 
are broadcast from the NCC after data processing thus removing of the effects of orbit bias and 
ionospheric delay and reducing tropospheric delay, multipath disturbance and observation noise (Rizos 
et al., 2003, 2004).  
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Another crucial feature is the time taken to determine AR for RTK applications, measured in seconds. 
It is important that the locations of the base stations be spread appropriately to be able to model 
distant-dependant errors and enable accurate point positioning, rapidly solving AR, and thus enabling 
centimetre accurate real-time position. 
 
Using standard DGPS, correction data is relayed via radio on a specific frequency from the base 
station to the receiver. Advancements in technology have now allowed real-time correction data to be 
transmitted by GSM mobile network or by wireless internet connection in the field. The hardware must 
have the capability to receive this data if a CORS network is to be utilised in RTK surveys. It must also 
be noted that mobile coverage plays an integral part in the ability to receive correctional data (i.e. No 
mobile coverage = No network RTK). 
Users Ability  
Static GNSS surveying methods are the same as conventional methods except for one major 
difference. This difference is removal of the need for a local base station. Using any particular base 
station (generally the closest) eliminates the requirement for a local base station effectively saving on 
time and cost of the survey.  
 
Users must register to be able to gain access to the Sydnet Receiver INdependent Exchange (RINEX) 
data. Once registered, users are able to access Sydnet data from any particular base station, via the 
DOL website <http://sydnet.lands.nsw.gov.au/sydnet/login.jsp>. Upon receipt of the data, it can be 
uploaded into compatible software and used as a reference station. 
 
The benefits with static operations also fall upon RTK usage. A local base station is no longer required 
providing a cut in both time and expense for the surveyor. As above, registration with the DOL is 
essential. Without this, the user will not be able to receive the correctional Ntrip data, which is 
broadcast from the NCC. 
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Assuming that all users have their instruments configured correctly, the benefit and ease of use of the 
system is apparent. The process is really as simple as turning on the instrument, waiting for the 
automatically configured internet connection to occur, then simply choose the required base station 
and wait for initialisation (generally under 60 seconds). 
 
2.3.2 SunPOZ 
The Queensland Department of Natural Resources and Water (NRW) have developed a CORS 
network that utilises the VRS system. Located in the states south-east in the metropolitan regions, 
SunPOZ is providing users with results comparable to, and in some respects superior to, classic RTK 
techniques. These results have determined that the SunPOZ system has achieved average accuracy 
to the order of 13mm in a two dimensional vector format with a 95% Confidence Interval (CI) of +/- 
20mm. The accuracy of height average achieved a remarkable 5mm with a 95% CI of +/- 56mm 
(Gibbings et al., 2005).  
 
 
Figure 2.5: SunPOZ CORS network (Source: Fritsch, 2006) 
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2.3.3 MELBpos 
MELBpos has been developed to service the greater Melbourne regional area in the southern state of 
Victoria. Much like SunPOZ, Victoria Lands has opted for a VRS network solution for RTK application. 
Five stages of testing conducted in late 2005 and June 2006 consisted of: 
 
i) Accuracy and precision testing 
ii) Daily repeatability 
iii) Influence of inter receiver distance 
iv) Comparison of data from different manufactures 
v) Advantages and disadvantages of different format messages 
 
The results of over 160 hours of observed data produced results to determine the accuracy of easting, 
northing and ellipsoidal heights were 3mm, 4mm and 4mm respectively. Precision results were 4mm, 
6mm and 10mm in easting, northing and ellipsoidal heights (Gordini et al., 2006)  
 
 
Figure 2.6: MELBpos CORS network (Source: DSE, 2006) 
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2.4 Sydnet testing to date 
 
The operational ‘go-ahead’ was given to Sydnet users on 1 May 2008 (see Appendix D). Prior to this 
date there has been testing conducted on the CORS network as a whole with mixed results. Roberts et 
al. (2007) have provided results of the primary testing of the Sydnet CORS network in its beta phase 
with mixed results over the Sydney basin.  
 
It is an important factor to know how each CORS has been assigned its coordinates and AHD value. 
Through personal communication with a DOL Geodesy Senior Surveyor, Simon McElroy, it has been 
established that the two dimensional coordinates have been obtained by six sets of observations, each 
over a twenty-four hour period with the final position based on the ITRF2000 Cartesian coordinates 
(McElroy, 2006). Heights have been assigned to each CORS locally by simultaneously observing the 
original Australian National Levelling Network (LAL1) marks in the local areas of each reference 
station. Two sets of one-hour static observation periods was the method applied and processed with 
NGS antenna models and precise orbit data. Each CORS is tied to a minimum of 3 or 4 marks. In 
some cases where the original LAL1 marks have been destroyed or disturbed, checks have been 
performed on LBL2 marks (McElroy, personal communication, 2008). 
 
Results have shown that as a whole, Sydnet can provide horizontal accuracy at the 20mm level in a 
post processing application. It is interesting to note that these tests were conducted in the early stages 
of Sydnet’s implementation and whether the continuous workings of experts in the field have refined 
the system since its launch for private practice. The research conducted by Roberts et al. provides a 
warning on the AHD values obtained during the testing. Further proof of AHD discrepancies has been 
obtained in the study undertaken by Phipps J and presented in the Institute of Surveyors NSW journal, 
Azimuth (May 2008).  
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Phipps has investigated the discrepancies found in AHD values of observed versus SCIMS 
coordinated marks in the eastern and southern suburbs of Sydney. It was concluded that there were 
systematic biases in the values obtained from observations however further study is required to 
determine whether the differences in height are due to errors in AHD71 and the AUSGeoid98 model or 
errors in the Sydnet correction data. The conclusion to Phipps’ investigation outlines the relevance and 
need for testing in other regions of Sydney. 
 
A discussion with a DOL Geodesy Senior Surveyor, Simon McElroy, has also provided evidence that 
discrepancies in Sydnet heights could be from several sources. He has indicated that not only are 
there uncertainties with Ausgeoid98 – Ellipsoid separation values in relation to the location of the 
reference stations but also errors associated with the general receiving of SV data. In several test 
sessions conducted in mid 2007, the range in RL varied by as much as 130mm and 175mm for 
baselines of 8km and 19km in length respectively when recording data as individual positions over the 
same mark at a 1 second epoch rate. It must be noted that the ranges include some severe 
observation spikes and generally the ranges fell within 50mm. As time increased through the 
observation period, average results became more reliable due to the sample size increasing.  
 
Aside from testing of accuracy and precision, the DOL has thoroughly tested and documented a 
receiver’s performance with respect to internet connection times, float solution times, fixed ambiguity 
times, ambiguity resolution success rate, ambiguity re-initialisation times and ambiguity initialisation 
success rate of many types of receivers (McElroy, 2007) hence any further study is not required. 
 
With the knowledge of testing to date, there are a few questions remaining unanswered; what results 
will come of the testing in the northern suburbs and beaches area? What is the impact on accuracy 
and precision using baselines of great length? And does the accuracy and precision of the testing 
comply with current legislation for GNSS surveys? 
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2.5 Standards, Legislation and Directions 
As previously discussed, there are standards required when conducting GNSS surveys. For the 
purposes of this project the Inter-Governmental Committee of Surveying and Mapping (ICSM), 
Standards and Practices for Control Surveys (SP1) version 1.7, September 2007 has been adopted. In 
order to achieve the required results these standards must be followed. 
 
The chosen network of survey marks has each been assigned a particular class and order under Part 
A, Section 2.2 of SP1. Survey Techniques, under Part B, Section 2, requires review for method clarity. 
Under sub-section 2.6 titled Global Positioning Systems (GPS) a complete run down of methods exist 
including: planning a GPS survey, requirements for GPS observations, specified observation 
requirements for various GPS techniques, analysis of data and field note requirements. 
 
The Surveying Regulation 2006 regulates legislative requirements for cadastral surveys in NSW. 
Significant changes have been made in the 2006 Regulation to accommodate for the increase of 
GNSS use in cadastral applications (previously called GPS surveys in 2001). An important change is 
the alteration of accuracy requirements. Under clause 25 (2) of the Surveying Regulation 2006, it is 
stated ‘In making a survey, a surveyor must measure all lengths to an accuracy of 10 mm + 15 parts 
per million (ppm) or better at a confidence interval of 67%’. An example would show that a baseline of 
1km in length should provide coordinates to an accuracy of 25mm, being one standard deviation from 
the mean value of the observations. Like wise a 10km baseline provides expected accuracies of 
160mm. Previously, in 2001, an accuracy of 6mm + 30ppm at a 95% confidence level was stipulated, 
which rendered GNSS usage poor over longer length baselines and was really more concentrated on 
accuracies within TPS methods of survey.  
 
Under clause 22 in the Surveying Regulations 2006, it is stated; “When making a survey using GNSS 
equipment, a surveyor must use an approved technique that provides appropriate accuracy for the 
type of survey being undertaken”. The approved technique to provide adequate accuracy is found in 
the abovementioned ICSM SP1 publication. 
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The Surveyor Generals Direction No.9, December 2004, outlines the limitations, GPS measurement 
validation process, choice of observation technique, guidelines for GPS surveys, information to show 
on Deposited Plans and analysis of Least Squares Adjustment. Much of the document refers to the 
ICSM SP1, which outlines the national standards by which surveys are assigned their level of 
accuracy.  
 
2.6 Summary 
The value of Sydnet is apparent from the preceding literature. To enable surveyors to be able to gain 
centimetre accuracy across the Sydney basin in real-time by adopting a single CORS provides a major 
boost to the industry. There are remaining problems with the system in regards to AHD values across 
Sydney, which require further attention along with the testing of data on a smaller scale, both 
horizontally and vertically i.e. the intention of this project is to test the northern suburbs and beaches 
area of Sydney. 
 
The simple operations required by the surveyor to use Sydnet covers up the extensive time and 
research put into the system by the designers and implementers of the system. It seems that the 
industry is confident in adopting current output of the Sydnet CORS however as a secondary 
verification, survey companies should conduct their own testing to ensure that the knowledge of 
operation and analysis is firmly implanted in their businesses.  
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3. Research Method 
3.1 Introduction 
It is important when undertaking GNSS observations for validation purposes that sound method and 
technique are applied to minimise errors and provide for the best possible observation results. For 
these reasons, the method used in this project is laid out in this Chapter to enable replication by others 
who wish to conduct the same testing or similar testing of their own. This will also enable others to 
interpret the observed results whether for their own knowledge or verification purposes. 
 
The aim of this chapter is to outline the method applied when conducting the validation of the Sydnet 
CORS network to ensure confidence in the results presented. 
 
Throughout this Chapter are the details of the method used to gain results for the intention of 
validation. Important aspects of planning the control network are included to enable understanding of 
the sites and how and why each mark was chosen. A resource list is included to give insight into the 
resource requirements for the same or similar works to be undertaken. Field testing techniques are 
provided to allow a user to easily replicate the procedure used to gain the results, which are used for 
the comparison against known coordinated marks. Finally data processing technique is presented to 
allow easy understanding of the process involved in determining observation coordinates and how the 
results will be tested and analysed.  
 
3.2 Planning the Control Network 
An integral part of the data capture and analysis was the careful plan of a control network that provided 
survey coordinated marks of adequate class and order, observation ability i.e. mixtures of sky quality 
and good geometry between marks. The chosen network, shown in figure 3.1, was a result of research 
into survey mark quality through the DOL SCIMS website, the Spatial Information Exchange (SIX) 
website and correspondence with DOL geodesy senior surveyor Simon McElroy. The SCIMS website 
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provided the full details of survey marks, from their history and their current condition to current MGA 
coordinates and AHD71 value. DOL SIX viewer provided a remotely sensed image over the whole of 
NSW allowing each control mark to be viewed from a sky view to predict the observation clarity. 
 
 
 
Figure 3.1: Location of SCIMS Network Control Marks 
 
Each particular mark has been assigned a class and order with respect to the coordinate quality. 
Following is a list of each mark, class and order and research into the coordination method. 
Table 3.1: Control Network Class and Order 
 
SCIMS Mark GDA94 
Class 
GDA94 
Order 
Coordination 
Method 
AHD Class AHD 
Order 
Coordination 
Method 
PM 52389 B 2 HAVOC LC L3 UNKNOWN 
SSM 24639 B 2 HAVOC LC L3 UNKNOWN 
SSM 108024 B 2 GEOLAB LC L3 LEVADJ 
TS 1100 B 2 HAVOC LB L2 UNKNOWN 
TS 1582 2A 0 NEWGAN LB L2 UNKNOWN 
TS 2868 2A 0 NEWGAN LC L3 LEVADJ 
TS 2888 2A 0 NEWGAN LC L3 LEVADJ 
TS 2962 2A 0 NEWGAN LC L3 LEVADJ 
 
 
Note: Full copies of SCIMS data for each network control mark can be found in Appendix B. 
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3.2.1 Two dimensional class and order of network control marks 
A two dimensional least squares adjustment over Australia’s coordinated marks used the software 
NEWGAN as the computation engine. It was a national readjustment and was used for adjustments on 
AGD66, AGD84 and GDA94. There are possibilities that problems can exist with this method, 
especially those marks close to the fringe of the adjustment i.e. TS Long Reef etc.  
 
HAVOC is another program developed to adjust two-dimensional coordinates. Survey marks with 
HAVOC coordination methods are generally seen as having been calculated from EDM traversing. 
 
GEOLAB is a three dimensional adjustment program that is generally adopted for coordination of a 
mark using GPS technique. The class and order of the mark is assigned based on the method and 
technique applied in the observation. 
 
3.2.2 Height class and order of network control marks 
Much like the 2D coordination values, heights must be assigned a class and order to show their 
accuracy constraints and reliability. There are two methods that have been used in the chosen network 
of marks being, a level adjustment and an unknown technique.  
 
The level adjustment (LEVADJ) is based on a one-dimensional optical level run and subsequent 
adjustment carried out by the DOL. All marks in the chosen control network that have been assigned 
heights under this method are of class LC and order L3. 
 
The coordination method labelled ‘unknown’ in level adjustments of SCIMS marks does not mean that 
no-one knows how these were assigned their levels as could be perceived. It does mean however, that 
these marks have been levelled by private enterprise, using a method that appropriately assigns the 
correct class and order. There is no governing body check on these determined values and it is 
assumed that surveyors undertaking these surveys are competent in their ability to do so. 
 
Validation of Sydnet  
Bachelor of Spatial Science (Surveying) Chapter3 – Research Methodology  
 
  PAGE 25
 
3.3 Resources 
 
3.3.1 Personnel 
Personnel requirements for this project were limited to one due to methods outlining that baseline 
solutions between network control marks were not required. This meant that observations could occur 
independently at each survey mark and provided an investigation into the limits of ‘one man 
application’ in project situations. 
 
3.3.2 Equipment 
Leica Geosystems have designed equipment capable of receiving both GPS and GLONASS carrier 
phase waves that will increase the number of satellites tracked throughout this project. Both static and 
RTK data capture methods rely on the Leica receivers for reliability and compatibility with the current 
Sydnet system.  
 
Leica Smart Antenna provides the necessary requirements for network RTK with the receiver actually 
located in the antenna itself, executing many of the calculations prior to exporting to the controller, 
where further calculations are performed to provide the displayed and/or recorded data (Leica 
Geosystems, 2006b). 
The features of the Leica receivers are as follows; 
 
For Post Processing application: 
– Dual frequency 
– 12 L1 and 12 L2 channels for carrier phase reception. 
– Compatibility with CORS network data 
– Accuracies Rapid Static - Horizontal 5mm + 0.5ppm 
- Vertical 10mm + 0.5ppm 
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For RTK application: 
– Reliability of 99.99% initialisation 
– Wireless internet receiving capabilities i.e. NTRIP 
– Bluetooth connection between antenna, controller and data receiving SIM card 
– Re-initialisation every 8 seconds 
– Accuracies RT Static  - Horizontal 5mm + 0.5ppm 
- Vertical 10mm + 0.5ppm  
   Kinematic - Horizontal 10mm + 1ppm 
- Vertical 20mm + 1ppm  
 
The methods of static and RTK testing, each require similar but slightly different hardware 
components. Aside from the observation instruments, simple tools were required for the exercise. 
These were tripods, measuring tapes, spanners and allen keys, which are fairly standard in any survey 
vehicle. 
Static Observation Equipment 
The static observations required the use of specialised instruments as follows: 
 
Table 3.2: Static observation instruments and accessories 
 
Equipment Type Make and Model Serial Number 
Antenna Leica AX 1202 GG 06100096 
Receiver Leica GX 1230 GG 350070 
Controller Leica RX 1210T 106306 
Tribrach Leica GDF 112 Part No. 667308  
Carrier  Leica GRT 146 Part No. 667216  
Height Hook Leica GZS4-1 Part No. 667244 
1.2m Short Antenna Cable   
 
The Leica GX 1230 GG receiver used for observations in this project uses Leica Geosystems firmware 
version 5.62. 
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RTK Observation Equipment 
 
RTK observations required slightly different instruments but also included standard measuring devices 
i.e. Tribrach, carrier and height hook as shown above. The differences in instruments are shown 
below: 
 
Table 3.3: RTK observation instruments 
 
Equipment Type Make and Model Serial Number 
Smart Antenna Leica ATX 1230 GG 182098 
Controller Leica RX 1250X 310058 
 
 
The Leica RX 1250 X controller/receiver used for observations in this project uses Leica Geosystems 
firmware version 5.63. 
 
This equipment has a Bluetooth device allowing cable free data sharing between the antenna and 
controller. This benefits the user by eliminating inconvenient cables and saves time in cable 
connection. 
  
3.3.3 Software 
Software to enable the download and processing of GNSS observational data was required. Leica Geo 
Office (LGO) was chosen as the necessary software. 
 
An additional software package was required for display and analysis of results. Microsoft Excel 
provided all the necessary requirements and was used as the primary statistical analysis tool. 
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3.4 Field Test Technique 
 
3.4.1 Fast Static 
Fast static techniques from ICSM SP1 were adopted for data observations. Some conditions that met 
these standards were: 
 
• An elevation mask of 15° 
• GDA94 Coordinate system and 
• Heights were determined using Ausgeiod98 
 
Slight modifications to the requirements were made to ensure that the integer ambiguities could be 
solved for each network control mark. The modifications consisted of: 
 
• Observation times increasing from the minimum 10 minutes to 30 minute periods 
• Data was logged at the rate of 1 second rather than the standard 15 seconds required  
 
For the purposes of an independent check on observations, each network survey mark was occupied 
twice, on separate days with one mark occupied on 3 separate occasions. This method provided for 
survey quality of class B GNSS observations (ICSM SP1, Part B, Section 2.6.6.1). A recommendation 
of ICSM SP1 is the change in antenna height for re-occupation of marks. Three of the eight marks in 
the network required this upon their second observation period and were measured at different 
heights. The remaining five marks were TS pillars and the height of instrument cannot be altered by 
much more than a few millimetres.  
 
In addition to observation repetition, each individual set up required checks to ensure that the correct 
mark was being occupied and the observed antenna height was correct. To do this crosschecks were 
performed on control mark numbers, visually and by photograph evidence (see Figures 3.2 & 3.3). 
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Antenna heights were checked by independent measurement to the base ring of the antenna and then 
crosschecked with the height hook height observed. The constant used between the height hook and 
the base of the antenna for the Leica 1200 series GNSS equipment is 0.36m. No heights recorded 
exceeded this constant by more than 5mm, rendering the measured heights as ‘good’ measurements. 
 
 
 
Figure 3.2: Photographic evidence of SCIMS State Survey Mark (SSM) 108024 for crosscheck on 
correct occupation of marks. 
 
 
The above method provided good checks for observations using tripods but when observing data on a 
Trigonometrical Station (TS) a.k.a. survey pillar, this method is not possible. The check used in the 
field was a direct measurement to the antenna base from the survey pillar base plate. The different 
methods of observation, static and RTK, required the changing of antennas, thus a second 
measurement was taken at this point providing an independent check. All independent checks and 
observation attributes are shown in Appendix F. 
 
The order and time of occupation of marks in the control network are also shown in Appendix F and 
are included to provide the possibility of further processing using precise ephemeris data. Observation 
times also provided a check that the time offset setting within the instrument was correct. On the 
eastern coast of Australia, all time is GMT +10hrs (disregarding daylight saving time). GNSS 
observations requiring two or more simultaneously observing receivers should also include the times of 
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observations. This ensures that overlapping observation periods are sufficient to solving baselines; 
however this was not applied in this project due to resource constraints. 
 
 
The logged data was downloaded and backed up before being made available for import into LGO. 
 
3.4.2 RTK Static 
Due to the fact that Sydnet provides solutions for single base RTK only, the testing procedure was 
different from that of static observations. The occupation of network control marks was over a two-day 
period, the 15th and 16th of July 2008 and conducted in the same order as the static observations (See 
appendix F) with differing time periods.  
 
 
 
 
 
Figure 3.3: RTK observation at TS 1582 ‘COOK’ 
 
 
On the 15th July 2008, it was attempted to occupy all control marks for a ten-minute period from two 
separate reference stations. This would allow for two separate baselines for positioning on a day-to-
day basis. Problems were encountered however at the first mark, SSM 24639. A ten-minute RTK 
period was observed from the Chippendale reference station and stored then switched to Villawood 
reference station. After 96 seconds of observation data, at a 1 second interval, the RTK data link went 
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down and would not reinitialise. The decision was made that this observation would have to suffice and 
a move to the next mark was made. 
 
The next control mark, being PM 52389, proved even more frustrating with no RTK initialisation 
occurring despite many attempts over a 15-minute period. Once again, the mark had to be left to 
enable completion of the rest of the network. Fortunately, at the next control mark, TS 2868 ‘LIX’, RTK 
observation periods of 10 minutes were available from Chippendale and Mulgrave reference stations. 
Villawood, the preferred reference station, would not allow for integer ambiguities being solved. 
 
For the remainder of observations on the 15th July 2008, there were no encountered problems with 
initialisation or observation periods from Chippendale and Villawood reference stations. 
 
 
 
Figure 3.4: RTK observation at SSM 108024 
 
It was decided that evening that observations at SSM 24639 and PM 52389 would have to be rectified 
the next day, being 16th July 2008. On this day it was planned to observe 60 RTK positions at a 1 
second interval however, SSM 24639 and PM 52389 would have to have ‘special’ observation periods.  
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SSM 24639 already had 10 minutes of data from Chippendale and over a minute from Villawood, so it 
was decided that 1 minute of observations would occur from Chippendale and 10 minutes from 
Villawood. 
 
PM 52389 required observations at both 10 and 1-minute intervals and was done so accordingly. 
Unfortunately time restrictions limited the time between the occupations and all data observed was in a 
similar time frame, ultimately rendering the observations without an independent check. This is not 
good standard practice and has been noted for future reference.  
 
The independent checks provided for static observations with respect to antenna heights were also 
applied to RTK observations. Although a change in antenna was all that was required in the move from 
static to RTK, the height of instrument was remeasured in each instance to have significant redundant 
measurements. 
 
3.5 Data Processing 
3.5.1 Acquisition of Sydnet data 
Before any analysis could occur, the observation data from each CORS was downloaded for the 
specific observation time periods. The data was readily available from the DOL website for registered 
users (see Figure 3.5).  
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Figure 3.5: Post processing data acquisition website 
 
 
Once the chosen base station was identified, the time, in Australian Eastern Standard Time (AEST), 
for data acquisition was entered. Upon time selection, a choice was made between single or dual 
frequency requirements and the specific data rate i.e. epoch being 1 second. With confirmation that the 
data retrieval configurations were correct, a download box appeared and the data was sent to the 
designated email address. 
 
The data requested was delivered in the form of two RINEX files; one being an observation file, the 
other a navigation file. The observation file was loaded into a software application Leica Geo Office, 
which was used in this project for solving integer ambiguities hence providing baselines between 
network control marks and the reference stations. 
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3.5.2 Leica Geo Office (LGO) 
Leica Geo Office (LGO) is a program created by Leica Geosystems for the purpose of GNSS 
observation data download and analysis. It provides compatibility with Leica GNSS and TPS 
equipment but will also handle data observed from other brands of survey equipment. 
 
All data processing was conducted using LGO. It was important that the observation data was 
downloaded into a reliable processing program. LGO provided this reliability with a capability to 
process static data and provide housing for RTK data. It also allowed for data manipulation and 
verification of correct settings. A specific requirement of LGO was the ability to upload data delivered in 
RINEX format, which is the manner in which Sydnet provides its post process data.  
 
The final requirement for LGO was the ability to export data in the required format (ASCII) and in a 
manner that supplied the relevant information i.e. point numbers, easting, northing, orthometric and 
ellipsoidal heights, observation times and qualities. 
 
3.5.3 Data and Error Analysis 
Errors in survey technique were minimised by ensuring that the correct network control marks had 
been located and that there were sufficient check measurements for receiver heights as stated in 
section 3.4.1. All check measurements acknowledged correct attributes for each observation allowing 
for the data logged at each survey mark to be downloaded and processed through LGO.  
 
During this process the unknown ambiguities from the received carrier phase were solved and 
baselines calculated between occupied network control marks and CORS. All deviations from the true 
known value of the SCIMS marks and comparison of data are presented in Chapter 4. 
 
For the purpose of displaying results, graphs have been formed providing the relevant data for each 
observation set. Within the graphical representations single Standard Deviation bars have been shown 
to give an indication of the repeatability of individual mark precision. 
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3.5.4 Conformity to NSW legislation 
The analysis of results in Chapter 5 will determine whether Sydnet usage complies with the current 
NSW legislation for accuracy and precision and whether the system is useable in certain types of 
survey applications.  
 
3.6 Conclusion 
Applying methods outlined by ICSM SP1 and the Surveyor General’s directions (No.9) provided a solid 
standard for the observation periods providing confidence in gained results. 
 
Apart from the RTK observations at PM 52389, effectively being single occupation due to difficulties, 
the network control marks have been observed using techniques that are reliable and provide an 
independent check therefore could safely be applied in project surveys. 
 
The following Chapter presents the results and data calculations that have been performed in 
preparation of analysis. 
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4. Results 
4.1 Introduction 
The methods used in Chapter 3 provided observation data in real time and in raw form, which required 
downloading, processing and manipulation. The function of this Chapter is to present the data in a form 
that is presentable for easy understanding and can be assessed and analysed to determine the 
accuracy, precision and reliability of Sydnet by comparing the coordinate results against the known 
and accepted coordinates of each respective control mark.  
 
This chapter aims to process and manipulate the raw data into a form that provides a set of 
observation coordinates that can be used to compare against the known values of the control marks. 
Statistical calculations can then be carried out prior to the validation analysis with respect to accuracy, 
precision and reliability of Sydnet. 
 
The results displayed throughout this chapter are to be presented separately in both two dimensional  
(horizontal) and height formats and being further divided between static and RTK observations, which 
have been obtained through fast static and real time methods outlined in Chapter 3. Each set of results 
has been processed and output through LGO to provide final coordinate sets to be used in result 
presentation. Through specifically chosen coordinate outputs, the data has been organised into 
graphical form, using Microsoft Excel, to represent horizontal and vertical results observed using both 
fast static and RTK observation methods.  
 
4.2 Leica Geo Office Processing 
Static observations require processing through GNSS computation software. Mentioned in Chapter 3, 
Leica Geo Office (LGO) was used for these computations. After the observed data had been 
downloaded, several projects were opened in LGO to allow for separate data computations between 
static and RTK observations. 
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After a more thorough check on the equipment used and the configuration settings, it was discovered 
that some observations made in both static and RTK had been done so using the incorrect antenna 
type. Fortunately, LGO provides an option to alter properties of observations allowing the correction to 
occur post survey. In a project situation this is not ideal, especially when applying RTK solutions for set 
out type surveys. Despite the minor setback, all antenna types were corrected before processing of the 
static data and were also applied to RTK observations (correcting the data post process).  
 
Due to some questionable sky clearance over some marks, it was necessary to edit the satellite 
windows, excluding sections of SV data that had been interrupted or scattered by overhanging trees or 
other objects disturbing the carrier phase waves. Interestingly, it was not only the satellite windows 
over the control network that needed editing but also the reference stations, specifically the 
Chippendale CORS on 15th July, when it became apparent that there were two periods where no data 
was logged, due to circumstances unknown (shown in Figure 4.1). This had an adverse affect on some 
of the results.  
 
The ‘gaps’ in the logged data at Chippendale CORS meant that no ambiguity solutions were possible 
for those network control marks occupied at the same time as the outages hence altering the solution 
quality. 
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Figure 4.1: Chippendale CORS satellite window 15/07/2008 
 
Confident with the properties and editing of static and RTK raw test data, results were output in an 
ASCII format, allowing for easy readability in many software packages. For the purpose of further data 
manipulation, Microsoft Excel was the software package used. 
 
4.3 Accuracy 
Accuracy testing refers to the difference between points with a known value (or accepted value) and 
the observed values at each of the corresponding points. An observation that has greater accuracy will 
be closer to the known value. For the purposes of accuracy within this paper, comparisons are 
displayed with difference in easting (∆E) and difference in northing (∆N) when comparing observed 
values to the known values of network control marks in a two dimensional manner. Likewise a direct 
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comparison between the observed AHD heights (using Ausgeoid98 described in Chapter 3) and known 
AHD values of the network control marks (∆RL) will conclude accuracy results. 
 
For the purpose of legislation and regulation compliance testing, a two dimensional vector will be 
calculated between the observed and known SCIMS values. This is due to fact that legislative 
requirements for accuracy testing are based on a misclose vector given by: 
Misclose = √ (∆E) 2 + √ (∆N) 2 
 
4.3.1 Horizontal Accuracy 
Horizontal accuracy refers to the accuracy in a two dimensional manner. In most survey applications, 
horizontal accuracy is of great importance.  
 
Horizontal accuracy testing required the known values of the SCIMS control network marks to be 
compared with the results obtained from Sydnet. An assumption has been made that all values 
provided by SCIMS are true and correspond to their respective class and order and have been 
accepted. Comparisons have been made between: 
 
i) average observed coordinates obtained using static and RTK methods 
ii) observed coordinates obtained from individual CORS using static and RTK  
iii) a comparison between static and RTK observation results 
 
Average Static Observations 
All observations that resulted in solved carrier phase ambiguities were averaged to determine the 
overall accuracy of obtained data at each control mark. The purpose of this test was to determine how 
well the average position of observations compared to the known SCIMS values and ultimately the 
accuracy of the system when adopting this method. 
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The results show that the observation set as a whole averaged a difference in easting of -11.1mm and 
a northing difference of 2.7mm with single standard deviations of 15.4mm and 17.8mm respectively. 
Figure 4.2 is a graphical representation of the results shown in Appendix H. One standard deviation (σ) 
has been shown for each individual data set i.e. σE for PM 52389 differs from σE for SSM 108024 as 
shown in Appendix H. 
 
2D Average Observations v SCIMS Coordinates
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Figure 4.2: Average two-dimensional static observed coordinates and respective σ 
 
Individual Static Observations 
To determine the accuracy of results observed from individual reference stations, a test was applied 
where each control mark was fixed by the average baseline solution from each individual CORS. This 
test was applied to determine whether any systematic errors were present when adopting specific 
reference stations.  
 
The results have shown that all solved baselines for PM 52389 have quite similar differences in both 
easting and northing. Figure 4.3 is a graphical representation of individual baselines to PM 52389 
along with a single standard deviation for each baseline observation set. 
Validation of Sydnet  
Bachelor of Spatial Science (Surveying) Chapter4 – Results  
 
  PAGE 41
 
 
Individual Baseline Calculations for PM 52389 v 
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Figure 4.3: Individual static baseline calculations to PM 52389 and respective σ 
 
 
Average RTK Observations 
The test for average RTK observations was virtually a repeat of the above test for static observations 
with the exception of number of baselines. Due to the fact that RTK is provided by a single base only, 
observations were limited to the solving of two baselines as shown in chapter 3, section 3.4.2.  
 
The results have shown that the observation set as a whole differed in easting by -9.1mm and in 
northing by 4.4mm with single standard deviations of 16.9mm and 18mm respectively, which compares 
well with static observations. Figure 4.4 is a graphical representation of the results, including single 
standard deviations for each control mark.  
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2D Average Observations v SCIMS Coordinates
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Figure 4.4: Average two-dimensional RTK observed coordinates and respective σ 
 
Individual RTK Observations 
The individual baselines for RTK observations differ slightly to the static observations in that there were 
fewer baselines calculated however, the test intended to provide the same desired outcome as the 
individual static observations.  
 
Sydnet operates its RTK application, based on a single reference station hence observations shown 
(Figure 4.5) are the average coordinates taken over a two day period. Each network control mark has 
been calculated from two different base stations as per methodology outlined in section 3.4.2 of this 
paper. Unfortunately during the observation period, ambiguities could not be solved between Villawood 
CORS and TS 2868 ‘LIX’. This created the need to use a different reference station, eventuating in the 
adoption of Mulgrave CORS. 
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Individual Baseline Calculations v SCIMS Coordinates
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Figure 4.5: Average RTK single baseline solutions over two separate observations 
 
Static Observations v RTK Observations 
The final test for two-dimensional accuracy was a comparison of average static observation positioning 
and average RTK observation positioning. This test has been devised to provide a direct comparison 
between fast static and RTK static observations, which may impact on the chosen method of survey in 
project application.  
 
Figure 4.6 provides the results of the observations at each control mark using each method, side by 
side to allow easy comparison. These results typically reveal what accuracies could be expected when 
using either method. 
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Static and RTK Observations v SCIMS Coordinates
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Figure 4.6: Average static observations & average RTK observations compared to SCIMS MGA 
values of network control marks 
 
 
 
4.3.2 Vertical Accuracy 
Vertical accuracy in GNSS surveys can refer to many datum’s. The generally accepted height 
comparisons for GNSS surveys relate to the height of the antenna above the reference ellipsoid, which 
in this case is the GRS80. Ellipsoid height however does not provide a realistic height on the earth’s 
surface. Orthometric heights, are a measure of height above (or below) the geoid (Ausgeoid98 for this 
project) and are given by the equation: 
  
Orthometric Height = Ellipsoidal Height – N 
 
Where: Ellipsoidal Height is the measured height above the reference ellipsoid 
 
N is known as the Geoid-Ellipsoid Separation   
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For the purposes of this paper, orthometric heights were calculated, using the N values determined in 
Ausgeoid98 <http://www.ga.gov.au>, providing a RL at each mark for comparison with the known AHD 
value at each mark. Within NSW many surveys requiring a height component are required to be on 
AHD and for that reason all observations at network control marks will be compared on that datum. 
The Ausgeoid98 model is installed within LGO and N values are simply computed based on the 
coordinate position of marks. 
 
As an independent check that the Ausgeoid98 model was correct within LGO, the N values were 
obtained from the geosciences website (shown in Appendix E) for each network control mark and 
manually applied to the observed ellipsoidal height. In all instances the LGO calculated orthometric 
height was equivalent to the manually calculated heights. 
 
As with horizontal accuracy, vertical accuracy results must show that the data received can be relied 
upon for surveys requiring a height component. For this purpose, height data, also referred to as a 
Reduced Level (RL) was compared to known SCIMS values of network control marks in the same 
fashion as the horizontal results as follows: 
  
i) average AHD height observations obtained using static and RTK methods 
ii) AHD heights obtained from individual CORS using static and RTK  
iii) a comparison between static and RTK observation results 
Average Static Heights 
As with the averaged two-dimensional coordinates, the heights from all static baselines were averaged 
to determine the overall accuracy with respect to height at each control mark. This test was to 
determine how well the average position of control marks by GNSS observation compared to the 
known SCIMS AHD values and hence provide an idea of the useability of the system for GNSS 
heighting. 
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The heights of each reference station used in processing have been levelled according to local AHD 
values by static observations adopting existing local high accuracy marks over lengthy periods of time 
(see Chapter 2, section 2.4), so the averaging of the heights effectively provides a network solution for 
the individual height values obtained by observation, keeping in mind that results have not been 
weighted.  
 
The average heights when compared to the SCIMS value at each network control mark produced 
results as follows: 
Average Observed AHD Values v SCIMS AHD Values
-0.250
-0.200
-0.150
-0.100
-0.050
0.000
0.050
PM
 52389
SSM
 108024
SSM
 24639
TS
 1100
TS
 1582
TS
 2868
TS
 2888
TS
 2962
Network Control Marks
Di
ffe
re
n
c
e
 
(m
)
 ∆RL
 
 
Figure 4.7: Average static height observations and respective σ 
 
 
The results obtained could be described as poor at best with differences ranging from -62mm to -
146mm and having a mean of -93.5mm, which appears to agree with previous studies in other areas of 
the Sydney basin (Phipps, 2008).  
Validation of Sydnet  
Bachelor of Spatial Science (Surveying) Chapter4 – Results  
 
  PAGE 47
 
Individual Static Heights 
Observed heights from individual reference stations are shown in Figure 4.8. This test is an important 
one and outlines the differences that can occur in height determination when adopting a specific 
reference station. Although heights do show some trend between the separate CORS, it is not 
specifically systematic with height differences appearing somewhat random in areas. 
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Figure 4.8: Individual baseline height observations 
 
These results prove that the height determination from each CORS differ greatly when processed in 
their raw form. As stated in Phipps’ paper (2008), the errors associated with these findings are yet to 
be uncovered i.e. why do AHD values differ so greatly in different areas of Sydney?  
 
Average RTK Heights 
The test for average RTK heighting was virtually a repeat of the above test for static observations with 
the exception of number of baselines. Due to the fact that RTK is provided by a single base only, 
observations were limited to the solving of two baselines as shown in chapter 3, section 3.4.2.  
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Results show similar quality to that of static results in that all residuals are negative and are ranged 
between -22mm and -114mm and having a mean of -72.3mm. Figure 4.9 below provides a graph of 
the above results with a single standard deviation. 
 
Observed AHD Values v SCIMS AHD Values
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Figure 4.9: Average RTK observed heights and respective σ 
 
Individual RTK Heights 
As the number of baselines is limited in RTK application, all baselines from specific CORS to network 
control marks are shown in Figure 4.10. This test is quite important, as it is often the case in project 
surveying that heights are required in real time. 
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Individual Baseline Calculations v SCIMS Coordinates
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Figure 4.10: Individual RTK height observations to all network control marks 
 
 
Results from this test seem poor and provide little confidence in RTK height ability with large 
differences between both individual baselines when compared to SCIMS and individual baselines 
when compared to each other. Unlike all other results to now, there are two positive residuals in this 
data set. 
 
Static Height Observations v RTK Height Observations 
The final test for height accuracy is a comparison of average static observation heights and average 
RTK observation heights. This test has been devised to provide a direct comparison between fast 
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static and RTK static observations, which may impact on the chosen method of survey in project 
application.  
 
Figure 4.11 provides the results of the observations at each control mark using each method, side by 
side to allow easy comparison. These results typically reveal what accuracies could be expected when 
using either method. 
 
 
As could be expected from the above previous tests, overall heighting from Sydnet appears 
inadequate as a raw output. This comparison, albeit poor in quality, does provide seemingly consistent 
results between static and RTK methods. All residuals are negative and range from -22mm to -146mm 
with an average of -82.9mm. 
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Static and RTK Observations v SCIMS Coordinates
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Figure 4.11: Average static observations & average RTK observations compared to SCIMS AHD71 
values of network control marks 
 
4.4 Precision 
Precision is a measure of observation repeatability. An example of good precision is when repeated 
observations are taken at different periods and provide similar results. Generally the standard deviation 
of an observation set is a reliable measure of precision with high standard deviation values equating to 
low precision observations and vice versa. 
 
Following are the results of precision testing which required a minimum of two occupations of network 
control marks. To be classed as an independent occupation the period of time between occupations 
must be greater than 45 minutes to allow for a change in the constellation of SV’s. Results displayed 
will be as follows: 
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i) Precision of two dimensional static observations 
ii) Precision of two dimensional RTK observations 
iii) Precision of static height observations 
iv) Precision of RTK height observations  
Precision of Static Observations 
The test for precision of static observations has been viewed in two manners; one being the standard 
deviation calculation for the average observation at each control mark and the other being a 
comparison of observed coordinates from day to day.  
 
Results shown in Figure 4.12 reveal the 95% confidence interval as per ICSM SP1, for two-
dimensional static observations. The 95% confidence interval for GNSS observations is 2.45 x 
Standard Deviation of the observation set, to conform to ICSM SP1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.12: 95% confidence interval of average static observations 
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The above results show that the repeatability of observations appears good except for SSM 108024, 
which has higher than expected standard deviations. Possible reasons for less precise results are 
outlined in Chapter 5. 
 
Results on a day to day basis reveal the repeatability of the system and are shown in the following 
graph (Figure 4.13), which also shows the variance from the known SCIMS values of network control 
marks. 
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Figure 4.13: Day to day comparison of static observations and standard deviation of data sets 
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Precision of RTK Observations 
The tests for precision of RTK results are much the same as that of static observations firstly viewing 
the standard deviations of averaged positions and then comparing daily results. Due to the fact that 
RTK solution was not possible at PM 52389 on the 15th July, it has been omitted from the results. 
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Figure 4.14: 95%Confidence Interval of average RTK observations  
(Excluding PM 52389) 
 
Results on a day to day basis reveal the repeatability of the system using RTK and are shown in the 
following graph (Figure 4.15), which also shows the variance from the known SCIMS values of network 
control marks. 
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Daily 2D RTK Observations v SCIMS coordinates 
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Figure 4.15: Day to day comparison of RTK observations and standard deviation of data sets 
 
Precision of Static Heights 
The test conducted for static height precision is based on the same format as two-dimensional 
precision tests, with both standard deviation calculations and comparative daily results. Figure 4.16 
identifies the 95% confidence interval of static height observations. 
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95% Confidence Interval Static Observations
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Figure 4.16: 95%Confidence Interval of average static heights 
 
 
Results of day-to-day comparisons are shown below in Figure 4.17. The test provides direct 
comparison of repeatability of height observations. 
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Daily Height Observations v SCIMS coordinates 
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Figure 4.17 Comparison of heights from day to day static observations and standard deviations of data 
sets 
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Precision of RTK Heights 
Following are the results of RTK height precision testing. These tests are the same as static testing 
except for the removal of PM 52389 due to a lack of carrier phase solution on the 15th July. All tables 
and graphs shown are equivalent to the previous tests shown above. 
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Figure 4.18: 95%Confidence Interval of average RTK heights (excluding PM 52389) 
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Daily Height Observations v SCIMS coordinates 
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Figure 4.19: Comparison of heights from day to day RTK observations and standard deviations of data 
sets 
 
 
4.5 Reliability 
The reliability of a system is a major concern when it is to be used in project application. Both static 
and RTK usage must be available at all times or notification of system down time provided prior to 
foreseen maintenance of interruptions in data flow. Sydnet does provide email notification to users 
when planned maintenance is to occur. This generally appears approximately 24 hours prior to the 
required service however, there were two instances during this project when data capture at the 
Chippendale CORS suffered an outage. The two periods, shown in figure 4.1, show gaps in the logged 
data.  
 
The failure of logged data at this reference station resulted in no integer ambiguity solution to the 
control marks being occupied at the corresponding time of outage. Upon return to the office, an email 
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was expected to explain the outage, however no notification was publicised, providing frustration at the 
users end. 
 
In most instances integer ambiguities could be solved, except at PM 52389 on the 15th July 2008. 
Ambiguity resolution is of utmost importance for RTK application to provide solutions to the required 
accuracy for most land surveys. Effectively the reliability for this testing can be viewed as one failure in 
sixteen attempts at fixing the positions of network control marks. This equates to a 93.75% success 
rate of a carrier phase fixed solution for this network. 
 
 
4.6 Conclusion 
After testing, it was found that Sydnet is providing observational solutions to 10 – 12mm horizontally 
and between -72 and -93mm vertically. In a similar pattern precision results show horizontal 
repeatability at a 95% CI to be around 20mm while 95% CI for height lies at around 70mm. These 
results show that this test network has provided observation data that is consistent with previous 
testing over other parts of Sydney by McElroy, 2006 & Phipps, 2008. It now appears evident that 
height errors found in testing in the south east of Sydney are also present in the north eastern sector of 
the Sydney basin.  
 
The next Chapter will now discuss and analyse the results from this chapter to determine the useability 
of the system with respect to accuracy, precision, reliability and conformity with current legislation and 
regulations. 
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5. Analysis 
5.1 Introduction 
Analysis of GNSS observations are an important factor in the validation process and must be carried 
out to determine and discuss the quality of results. There are many ways that analysis can occur and it 
is at the discretion of the tester to decide upon the method appropriate. The analysis that follows in this 
Chapter will determine how accurate, precise and reliable observations results from Sydnet are, 
providing an answer to the usability of the system from a surveyors perspective.  
 
This Chapter aims to analyse the results from chapter 4 with respect to accuracy, precision and 
reliability by both statistical and direct comparison methods.  
 
The analysis has been based on two methods, applying statistical methods to observation data sets 
along with comparison against known SCIMS values. Accuracy analysis determined the limits of use in 
survey application for both horizontal and vertical observations and looks at the current legislative 
requirements. Precision analysis provided the understanding of repeatability of the system. The 
reliability of the system was based on the amount of baseline solutions compared to baseline solution 
attempts.  
 
 
5.2 Horizontal Accuracy 
Accuracy requirements have always had a presence in the surveying industry. No matter what method 
is being applied, the surveyor must provide proof that the particular method they are using allows them 
to conform to the required accuracy and to current standards. For these reasons the analysis for 
accuracy was looked at in two separate manners; comparison of observed data against known values 
of SCIMS network control marks and conformity to legislation. 
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5.2.1 Static Observations 
Observed data verses known and accepted SCIMS data 
The results presented in Chapter 4, indicate that as a whole the static solutions of observed data when 
compared to the true values of network control marks was excellent. Averaging -11.1mm in easting 
difference and 2.7mm in northing difference proves that the system can provide static solutions well 
within the limits of 10mm + 1ppm. When compared against initial results, with accuracies of –7mm in 
easting and –2mm in northing (Roberts et al., 2007), a very similar trend is visible. 
 
When individual baseline solutions were investigated no systematic bias towards specific directions 
was evident, placing a certain degree of confidence in results. 
 
There is a noticeable control mark that has differences greater than what would be expected when 
conducting a GNSS survey of this type. TS 2888 ‘Long Reef’ (see Figure 5.1), which has perfect open 
sky with no obstructions removing any suspicion of multipath, has provided results determined after 
three days of observations, as follows: 
Table 5.1: Variance of static observations to TS 2888 
 
Day ∆E ∆N 
14th July 2008 -35mm 29mm 
15th July 2008 -41mm 21mm 
16th July 2008 -45mm 25mm 
 
 
 
When combined, the average of easting difference is -40mm and northing difference is 25mm with 
standard deviations of 6mm and 4mm respectively. Excluding TS 2888 observations from the data set 
provided mean values of –6.9mm in easting and –0.5mm in northing with standard deviations of 
10.7mm and 16.6mm respectively. These figures significantly prove initial testing results were genuine. 
 
To further prove that the known value of TS 2888 is in error, the following table presents results from 
each reference station.  
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Table 5.2: Individual static baseline observations to TS 2888 
 
Network 
Control 
Mark 
Reference 
Base Station 
Observed 
Easting 
Observed 
Northing 
MGA 
Easting 
MGA 
Northing  ∆E  ∆N 
TS 2888 Chippendale 343899.190 6265228.694 343899.224 6265228.672 -0.034 0.022 
TS 2888 Villawood 343899.181 6265228.699 343899.224 6265228.672 -0.043 0.027 
TS 2888 Cowan 343899.179 6265228.696 343899.224 6265228.672 -0.045 0.024 
TS 2888 Mulgrave 343899.184 6265228.699 343899.224 6265228.672 -0.040 0.027 
 
 
 
Evidence certainly points towards error in the actual known SCIMS values for two possible reasons: 
 
Firstly, this control mark was originally coordinated by EDM traverse and has since been adjusted by 
least squares. Literally being located right on the east coast, the mark is limited in the directions it can 
be coordinated i.e. no coordination from the east, and it sits on the outer realm of the adjustment 
parameters hence the coordination may not be as tight as predicted in the class assignment of 2A 
shown in Chapter 3. 
 
Secondly, the mark is located atop a cliff on Long Reef headland and may have suffered some 
subsidence over time as the natural degradation of the coastline takes its course. 
 
 
 
Figure 5.1: TS 2888 ‘Long Reef’ 
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Static conformity  
Current Survey Regulation 2006, stipulates all lengths to be measured to an accuracy of 10mm + 
15ppm at a 67% confidence interval. Combining all baselines to get an average baseline length for 
each network mark, provided the ability to calculate the independent limits as per the regulations.  
 
Example: TS 2888 ‘Long Reef’ average baseline length was 30.46km. Based on this, the two 
dimensional results would have to fall beneath a vector distance 467mm to conform under 67% 
confidence. This amounts to a whopping 1144mm at 95% confidence, when adopting ICSM SP1, 
which states the 95% confidence at 2.45 times the standard deviation of an observation set.  
 
NSW Surveyor General Directions No.9, GPS Surveys, outlines that rejection criteria for observations 
is based on the two-dimensional vector at a 95% confidence level given by: 
 
r = 2.45 x c (d + 0.2) 
 
Where:  r is the maximum allowable length in millimetres. 
d is the distance between the marks in kilometres. 
c is 15 for class B surveys. (This factor varies for each class) 
 
Using this formula provides a rejection distance of 1126mm for TS 2888, which once again does not 
put any confidence in these methods over long baseline solutions. 
 
As expected all observed coordinates fell well beneath their constraints however, the results provided 
quite a large degree of uncertainty for the accuracy of length measurements within the regulations for 
this type of survey. CORS networks are generally set up over expansive areas and are designed to 
provide solutions to users at great distances. Could it be that there needs to be separate regulations 
for the use of CORS networks with respect to baseline length? 
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Horizontal limitations stated by the manufacturer for rapid static techniques are 5mm + 0.5ppm as 
stated in Chapter 2. Three out of the eight network control marks failed the accuracy limitations of the 
equipment when comparisons occurred between observations and adopted known and accepted 
SCIMS values. The three marks were SSM 24639, TS 1582 ‘COOK” and TS 2888 ‘Long Reef’. With 
the exception of TS 2888, which has been discussed above, the other two marks may have failed due 
to obstructions nearby causing multipath (see photos below). It must be noted however that these 
results were of relatively good accuracy and were still quite acceptable for use in cadastral survey. 
 
 
 
Figure 5.2: Large pine causing possible obstruction at SSM 24639 
 
 
 
Figure 5.3: Overhanging trees virtually covering the available sky at TS 1582 ‘COOK’ 
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5.2.2 RTK Observations 
Observed data verses known and accepted SCIMS data 
RTK observations are generally viewed as less accurate than fast static methods and have more 
tolerance in their accuracy limitations. This is evident in manufacturers accuracy limits, however when 
using RTK in a static manner i.e. on a tripod or on a pillar, accuracies between static and RTK are the 
same. 
 
As a general rule, it is accepted that providing data corrections to the user real time will result in less 
accuracy, dependant on the circumstances of baseline length, dilution of precision of SV’s and quality 
of work site sky view. Average static RTK results, provided in Chapter 4, have not substantiated this 
general rule with the average easting difference being –9.1mm and northing difference 4.4mm. These 
are exceptional results and one could not expect better than this when conducting a static RTK survey. 
 
Results from RTK observations at TS 2888 appeared to have similar errors when compared to static 
observations with –42mm in easting difference and 19mm in northing difference. Measurements were 
taken at periods in similar times as static observations and could not really be deemed as independent 
occupations due to similar SV constellation. An allowance could be made with methods of post 
processing and RTK solutions being derived separately. 
 
RTK Conformity 
As with static observations, all RTK acquired data conforms to current legislation. As previously 
discussed it appears that current regulations have not made allowance for such a system, using long 
baseline solutions.  
 
The manufacturer’s limitations for rapid static real time surveys are the same as for standard rapid 
static surveys, so it was not surprising to find that the same three marks above did not conform to the 
manufacturer’s standards however there was also another mark, SSM 108024, which provided a 
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vector misclose larger than the acceptable limit. Once again, the major cause of this could have been 
multipath, with a large dwelling located to the west of the mark (see below). 
 
 
 
Figure 5.4: SSM 108024 and possible multipath object to the west 
 
 
5.3 Height Accuracy 
Height accuracy is a product of GDOP, sky views and technique and has been known to be less 
accurate than two dimensional solutions. The ability to obtain heights with confidence has been 
complicated with the determination of ground heights from the reference ellipsoid, which requires 
rigorous calculations to determine the Ausgeoid98 model position against the ellipsoid (N value; as 
discussed in Chapter 4). Fortunately LGO processes the AHD71 value of a mark based on the 
Ausgeoid98 model with respect to the MGA coordinate of the mark. 
 
Chapter 2 outlined that there appears to be a problem with heights obtained from Sydnet (Roberts et 
al., 2007 & Phipps, 2008). There are a few theories as to why the accuracy of height observation is 
deficient.  
 
The first covers areas of large expanse, where it is thought that the homogeneity of local AHD71 in the 
Sydney region itself may be deficient (Roberts et al., 2007). This means that the value of height 
between the reference ellipsoid itself and Ausgeoid98 (N value) might be incorrect. Through personal 
communication with Simon McElroy (DOL), it was determined in their testing that the values obtained 
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above the ellipsoid from each reference station were homogenous leaving the doubt in the Ausgeoid98 
model. 
 
Secondly, there are doubts in the way that users are receiving data, with large ranges apparent during 
observation periods. This has been previously discussed in Chapter 2. 
 
 
5.3.1 Static Observations 
Observed data verses known and accepted SCIMS data 
Heights obtained using modified fast static techniques have provided less than adequate results with 
an overall average of –93.5mm and a standard deviation of 28.9mm throughout the network. Height 
differences at all network control marks were negative, proving that results in the northern suburbs and 
northern beaches of Sydney seem to be suffering the same outcome as the south and eastern 
suburbs. Roberts et al, determined that large positive residuals were located at test sites in the north 
west of the Sydney region however, the more westward bound mark in the network shown above, 
which was located in North Wahroonga, still had a negative residual of –90mm. 
 
When individual baselines were analysed, there appeared to be quite a difference raw results. 
Chippendale, Villawood, Cowan and Mulgrave gave average height results of -132mm, -112mm,          
-105mm and -35mm respectively. At first glance it appears the Chippendale, Villawood and Cowan are 
similar in their results, however after closer inspection differences of up to 54mm have been detected 
(Observations to SSM 108024). Mulgrave CORS seems to provide heights that differ significantly from 
the other three CORS used and appear to be closest to the known values of the network control 
marks. 
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Table 5.3: Individual baseline height observations 
 
Network 
Control Mark 
Reference 
Base Station  ∆RL 
 
Network 
Control Mark 
Reference 
Base Station  ∆RL 
PM 52389 Chippendale -0.123  PM 52389 Villawood -0.091
SSM 108024 Chippendale -0.113  SSM 108024 Villawood -0.100
SSM 24639 Chippendale -0.136  SSM 24639 Villawood -0.116
TS 1100 Chippendale -0.175  TS 1100 Villawood -0.153
TS 1582 Chippendale -0.137  TS 1582 Villawood -0.123
TS 2868 Chippendale -0.113  TS 2868 Villawood -0.096
TS 2888 Chippendale -0.152  TS 2888 Villawood -0.126
TS 2962 Chippendale -0.103  TS 2962 Villawood -0.091
 Mean -0.132   Mean -0.112
 St Dev 0.024   St Dev 0.022
 Min -0.103   Min -0.091
 Max -0.175   Max -0.153
       
Network 
Control Mark 
Reference 
Base Station  ∆RL 
 
Network 
Control Mark 
Reference 
Base Station  ∆RL 
PM 52389 Cowan -0.108  PM 52389 Mulgrave -0.022
SSM 108024 Cowan -0.059  SSM 108024 Mulgrave 0.022
SSM 24639 Cowan -0.090  SSM 24639 Mulgrave -0.041
TS 1100 Cowan -0.167  TS 1100 Mulgrave -0.091
TS 1582 Cowan -0.115  TS 1582 Mulgrave -0.025
TS 2868 Cowan -0.101  TS 2868 Mulgrave -0.027
TS 2888 Cowan -0.135  TS 2888 Mulgrave -0.079
TS 2962 Cowan -0.062  TS 2962 Mulgrave -0.013
 Mean -0.105   Mean -0.035
 St Dev 0.036   St Dev 0.036
 Min -0.059   Min -0.013
 Max -0.167   Max -0.091
 
 
These results provide further proof that raw AHD heights obtained from a specific reference station 
cannot be trusted against known SCIMS values. 
Static Conformity   
Presently under Part 2, Division 2, Clause 13 of the Surveying Regulation 2006, surveys requiring a 
height component must be connected to AHD and in doing so must be connected to two marks with 
accurate AHD values, one of which must be within 300 metres of the site. It is stipulated that these 
marks must have a class equal to or better than ‘B’ or ‘LD’.  
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When adopting a GNSS survey technique, such as ICSM SP1 to class ‘B’ standards, as has been 
applied in this project, Sydnet does not have the capabilities to provide a suitable raw result when an 
AHD71 height is required. Definite post processing adjustments are required, to bring the raw data 
observations in line with local AHD values within a specific site. If there were no localised marks within 
300 metres, the raw data obtained from Sydnet would not be acceptable for use. Other methods of 
survey, conventional GNSS, TPS or level runs must be used to ensure the accuracy requirements can 
be met. 
 
5.3.2 RTK Observations 
Observed data verses known and accepted SCIMS data 
The RTK raw results have provided similar results to static observations with all residuals being 
negative. In fact the results followed a similar trend which is a little surprising with RTK positions fixed 
by only two of the four baselines used in static observations. The mean of height residuals is -72.3mm 
with a standard deviation of 27.8mm, which still provides inadequate raw results. 
 
RTK usage is very dependent on the data corrections being supplied. Any error in height position is 
difficult to detect in a real time situation and could be detrimental to a project. For this reason it does 
not seem appropriate to use heights from Sydnet at this stage in RTK application.  
 
Recently, correspondence was received from the DOL with respect to the replacement of antennas in 
most urban CORS. Following the installation of the new antennas, providing GPS and GLONASS 
capabilities, single base RTK correction data will come in the form of RTCM 3.0. At this stage it is 
uncertain whether this updated version of the correction data transmission can provide more adequate 
results in this area. 
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RTK Conformity   
As fast static and RTK static observations have the same expected accuracies in legislation the results 
for this section reflect upon static conformity analysis in that raw heights obtained from Sydnet should 
not be used in project application. 
    
5.4 Precision 
The precision of GNSS observations is an important factor in project application. A system must be 
able to provide repeatable results within a certain tolerance, during separate periods of operation. Due 
to differing variables which may affect results i.e. GDOP, SV availability etc. this is no easy task. 
 
One way of measuring the repeatability (or precision) is by calculating the standard deviation of a data 
set. One standard deviation in a normal distribution provides a 67% confidence interval. Under ICSM 
SP1 a 95% confidence level of a GNSS observation data set can be determined by 2.45 x Standard 
Deviation. This means that 95% of observations will lie in the range given by that figure. 
 
Static Observations 
Static observations occurred in half hour lots over a two day period (TS 2888 ‘Long reef’ was 3 days), 
as per the methodology in Chapter 3. Precision calculations have shown that six of the eight network 
control marks had both easting and northing standards deviations below 10mm. This illustrates that 
observations at those six marks would have repeatable results within ±21mm at worst at a 95% 
confidence level. Over the length of the baselines calculated this result is quite acceptable. 
 
The two marks that demonstrated less precision were SSM 108024 and TS 1582 with standards 
deviations exceeding 10mm for easting and northing for the SSM and the northing of TS 1582. Due to 
the fact that TS 1582 is heavily covered in trees and as a consequence has quite poor observation sky, 
the standard deviations of 5.3mm and 10.4mm for easting and northing respectively could probably be 
deemed acceptable. SSM 108024 however has standard deviations of 18.4mm and 11.6mm in easting 
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and northing which provides for 95% confidence intervals of 45mm and 28.5mm respectively. This 
would not be deemed as high quality results and one would expect better from this particular 
technique. 
 
Interestingly, a day to day comparison shows that SSM 108024 had differences of 11mm in easting 
and 13mm in northing, which seems relatively good. The building adjacent to SSM 108024, shown 
above in Figure 5.4, is most likely the cause of this precision anomaly. Another interesting point to note 
is that SSM 108024 is the only network control mark that has been coordinated by GPS methods to the 
same standard which was applied in this testing. 
 
Precision of vertical data received has been just as unsuccessful as the accuracy with all standard 
deviations exceeding 36mm and two exceeding 63mm. This gave little faith in the ability to repeat 
height observations with a degree of confidence.  
 
Along with precision calculations, direct comparison of day to day data was compared in height results. 
Differences ranged from 3mm at TS 2962 ‘Manly’ to 81mm at PM 52389. As a whole it was deemed 
that after day to day comparisons were analysed, the system is not precise enough for survey 
application. 
 
RTK Observations 
Results of RTK precision were similar to that of static observations with five out of the seven marks 
(PM 52389 had solutions for only one period and was therefore omitted from results) showing good 
precision with standard deviations under 10mm. 
 
Once again TS 1582 had a large variance in northing solution. As with static observations this has 
been put down to the sheer tree coverage at the site (Figure 5.3). SSM 24639, which had very good 
standard deviations for static observations, was the other mark that showed poor standard deviation 
Validation of Sydnet  
Bachelor of Spatial Science (Surveying) Chapter5 – Analysis  
 
  PAGE 73
 
calculations in easting. This was not apparent in the day to day comparison, which demonstrated only 
4mm variance. 
 
The precision of RTK heights was poor based on standard deviation. There was improvement in the 
day to day observations when compared to static with a maximum of 45mm variance at TS 1100 
‘Boundary’. Once again the height component could not be deemed trustworthy in a real time 
application. 
 
 
5.5 Reliability 
A part of planning the control mark network was the selection of sites based on their sky view with 
differing levels of tree coverage and possible multipath objects at each control mark. This enabled data 
observations in all types of situations that may be found when applying this technique to project 
surveys. As a whole the system proved very reliable in baseline solution calculations over the period of 
the project. 
Static Survey 
When conducting static surveys with observation periods of a half an hour, solutions from Sydnet 
CORS were possible 100% of the time when adopting four reference stations. This differed when 
viewing the solutions based upon single reference stations with solutions to TS 1582 ‘COOK’ and TS 
2962 ‘Manly”. 
 
Observations at TS COOK provided six out of eight possible solutions over the two day period, with no 
baseline solutions from Chippendale or Villawood CORS on the 15th July 2008. This was one period of 
time when no data was being logged at Chippendale reference station (see Chapter 4). 
 
TS Manly suffered at the hands of the outage at Chippendale CORS being the sole reason for no 
baseline solution during the occupation. 
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RTK Survey 
GNSS RTK surveys rely on the reliability of equipment and which ever system of use that is in place. 
Using Sydnet, the user depends firstly on the configuration and quality of their equipment, secondly on 
the continuous operations of the Sydnet system and thirdly on the reliability of the data corrections 
being received for point positioning. 
 
The quality of equipment and configurations is firmly placed in the responsibility of the user but 
continuous operations and data correction reliability out of the control of the user. It is these two 
components that constitute the reliability for Sydnet’s RTK component. 
 
During tests conducted in this project the continuous operation aspect was reliable apart from those 
outages at Chippendale CORS, as stated above, which had no effect on RTK application (sheer luck in 
timing!). Data correction broadcasting was different though, with no possible solution on the 15th July at 
PM 52389. Outlined in chapter 4, the reliability of gaining carrier phase fixed solution through Sydnet 
RTK in this project was 93.75% (15 out of 16 attempts). Considering that the baseline lengths of 
network control marks averaged 27.9km, this outcome seems fairly reliable. 
 
The source of the lack of RTK solution to PM 52389 problem has not yet been identified, but 
suspicions point toward a temporary problem at the NCC when broadcasting the data corrections. 
 
 
5.6 Conclusion 
The analysis of observed data provided throughout this Chapter has supplied mixed results when 
determining the useability of the system. Results indicate that the system is ready for use in a 
horizontal manner however vertical application needs to be refined further. 
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The following Chapter will conclude this project and provide recommendations into survey practice for 
best results and areas for further testing. 
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6. Conclusion 
6.1 Introduction 
The previous chapters have outlined what Sydnet is, previous studies and testing, methodology, 
results and analysis, providing knowledge of the capabilities of the system. In covering all the 
objectives outlined in Chapter 1, a thorough understanding of the Sydnet system along with its 
operational limitations has been gained. 
 
The following paragraphs will provide the final conclusions and recommendations with respect to the 
systems operational accuracy, precision and reliability. 
 
6.2 Conclusions 
6.2.1 Horizontal Accuracy 
Horizontal accuracy testing has provided results that are clearly useable in project survey applications 
with general residuals lying in the ±15mm regardless of the length of the baseline (provided a phase 
fixed solution is gained). Static and RTK results, whether from averaged baseline solutions or from 
individual reference station solutions fit, well under current legislation and could certainly be used with 
confidence in coordinating marks when using the correct technique. Typical accuracies of both static 
and RTK solutions could be expected to be in the order of 10mm – 15mm dependant upon 
observations technique, sky clarity of observation point and available satellite constellation. 
 
6.2.2 Vertical Accuracy 
At present, no users of Sydnet should use raw heights from observations for required accuracies 
better than ±0.15m. Large differences of random quantities appear present regardless of the reference 
station being used. There is no guarantee that results of an observation taken at a specific period 
could produce the same or similar result in a separate observation even under the same SV 
constellation. Further work is required to determine problem sources and a solution. 
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6.2.3 Precision 
Repeatability within the system appears good in the horizontal form, keeping in mind that occupation 
positions should remain clear of objects that may block the carrier phase waves or generate multipath. 
95% confidence levels lie at approximately 36mm for static precision and approximately 35mm for 
RTK. 
 
As with vertical accuracy, there is no confidence placed in repeatable heights with high standard 
deviations proving precision levels are poor. Although discouraging, these results provide evidence 
that there is a need for problem solving and solution implementation in this area. 
 
6.2.4 Reliability 
The system has proven to be adequately reliable over the course of the project with only a few 
mishaps along the way. Static surveys should generally be unaffected by outages at one reference 
station as occurred during this project. This of course is quite dependant on the location of the point to 
be positioned, meaning that results could be affected when baseline lengths are excessive.  
 
RTK difficulties did occur during the project with respect to initialisation (94% rate) but were minimal, 
providing quality two dimensional results consistently. 
 
6.3 Recommendations 
Current Surveying Legislation and Regulations do not appear to contain provision for accuracy 
requirements when using a system like Sydnet. With the ability to provide long baseline solutions 
Sydnet users have very large error ellipses with which to work in. A large portion of trust is placed in 
the hands of the surveyor when coordinating marks at long distances in remote areas. Further studies 
could investigate the possibility of separate regulations for use of Sydnet within NSW. 
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Careful planning and forethought is essential when proposing to complete a land survey using Sydnet 
CORS network. A thorough knowledge of equipment and technique will provide the user with more 
reliable results. 
 
During the course of this project and it has been discovered that certain applications of the system 
require more attention than others. For instance; large scale subdivisional works may require control 
points placed over large areas which could limit TPS use under the regulations. For these applications, 
observations times at control points must be of significant time to produce quality results. Generally 
using techniques described in ICSM SP1 will provide the user with their required level of accuracy. 
Surveys for other purposes may not need this level of accuracy i.e. detail and levels survey of 
greenfields sites, where an RTK occupation of ten seconds may be suffice for natural surface 
determination. 
 
Testing, both within this project and prior to the operational go ahead of Sydnet have been conducted 
over quite large areas of Sydney. Further testing is required to compare observation data over smaller 
areas (perhaps jobs spaning up to 1km2), using known coordinated SCIMS marks as the basis for 
accuracy and precision verification. Some testing of this type is currently underway at Connell Wagner 
providing mixed results at present. Refinement of technique is still underway, to determine a method 
that will provide consistent results based on the requirements of the survey. 
 
Height observations at the raw stage are not acceptable for use in survey application when observed 
either statically or in real time. Investigations into block shifting results to known AHD values are 
currently underway, once again with mixed results due to the variance in heights observed over time. 
 
As a whole, further investigations into the height dilemma of Sydnet raw observations are a must and 
should be looked at in depth to determine the source of the problem and a proposed solution. 
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6.4 Final Remark 
The research carried out in this project has given evidence of likely results when using Sydnet in static 
and RTK applications. Testing of the system has occurred in ways that are likely to be applied by 
surveyors in the field, making the results and analysis relevant to Sydnet users. 
 
The areas of accuracy, precision and useability of the system has been thoroughly covered as outlined 
in the project aim, enabling confidence in the limitations and recommended application of the Sydnet 
system. 
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Appendix C – Safe Work Method Statement
OHS & E Safety Risk Assessment/Safe Work Method Statement 
 
Project Name: Sydnet Validation Project 
 
 
Description of Activity or Task: 
General Survey Work – Outdoors 
 
Generic Assessment Review Conducted By: 
Jamie Black 
Date: 21 May 2008 
Reference No:  
Version 1 
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Step 
List work activity steps  Hazards/Risks Ranking Control Measures 
1 Driving to and from location/off 
road/parking 
• Defective vehicle 
• Unrestrained equipment 
9 • Carry out checks on the vehicle prior to departure 
• Ensure all loads are secure 
  • Unfamiliar with specific site hazards 
• Bogging vehicle 
9 • Assess road ground condition prior to entering unmarked/dirt roads 
particularly after rain. If risks of bogging consider selection of suitable 
equipment to move vehicle out/do not proceed. 
  • Hit by passing vehicle/machinery 
 Vehicle being hit and damaging 
property/persons 
9 • When leaving a vehicle unattended, ensure traffic can see vehicle and 
location is well away from corners.  
  • Driver Fatigue 9 • Ensure driver is well-rested prior & takes regular breaks every 2 hours. 
  • 4WD vehicles 9 • Ensure sufficient turning area when parking in indoor carparks etc 
 
  • Hostile occupier of the site access or 
property 
9 • Leave site or access route to site if can’t resolve conflict with occupier 
• Where possible obtain permission prior to attending site. 
2 Setup equipment and carry out field work Working on or near Roads    
  
 
• Traffic Interference 
• Hit by passing vehicle/machinery 
2 • Consider using a lookout person should traffic volumes increase 
• Be aware of traffic volumes and speeds. 
• Traffic Control Plans. 
• Wear/display PPE and Vehicle Flashing Light  
• Avoid working on road surface by using reflectorless theodolites 
• Minimise exposure. Select times of low traffic 
 
 
 
8.1.1.1.1.1 Field work – Physical Hazards 
 Need to have at least one member of field team to be First Aid trained plus 
need to carry First aid Kit in vehicle or on person when away from vehicle. 
 
 • Wasps or other insect bites 14 • Have suitable body covering clothing and facemask to use in 
appropriate location. Consider use of insect repellents. 
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Step 
List work activity steps  Hazards/Risks Ranking Control Measures 
  • Snake bite 
• Attack by animals 
6 
• Suitable shoes. 
• Long trousers and long sleeve shirt. Avoid long grass where possible. 
• Carry pressure bandage for snake bite. 
• Mobile phone for emergency contact 
2 (con’t)  • Lantana, Blackberry  14 • Long trousers and long sleeve shirt. 
  • Uneven ground or Sloping ground 
14 
• Suitable foot wear and gloves, if required. 
• Watch your step. 
• Use a pole for balance. 
  • Drops, such as cliff 14 • Do not approach within 2 metres of the edge of cliff. 
  • Asbestos 14 
• Do NOT enter site without appropriate training 
• Wear PPE as per safe working guidelines 
  • Derelict Structures 14 • Do NOT enter derelict structures 
  • Dust 
14 
• Use appropriates PPE if soil needs to be moved/disturbed. 
• Avoid direct contact with skin. 
• Minimise potential for dust generation by minimising soil disturbance 
• Use dust suppression methods if required. 
  • Electrocution from overhead power 
lines/cables. 
2 
• Inspect site prior to set up or use of equipment. 
• No Survey equipment to extend to within 3 metres of any Overhead 
wires  
• Don’t use metal staff in areas where there are overhead power lines. 
 
  • Manual handling, carrying equipment 
13 
• Warm up prior to heavy physical activity. 
• Analyse the work to be done. 
• Ask for help with heavy work (2 person lift) 
• Use mechanical aids where possible (trolley etc) 
• Use correct lifting procedures. 
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Step 
List work activity steps  Hazards/Risks Ranking Control Measures 
  • Hit underground services 4 • Use metal detector to locate survey GI Pipes. 
• Dig carefully when looking for Survey marks to ensure cables are not 
struck. 
• Check for cable markings/stamps/pits 
• Obtain Dial before you dig search prior to going to site 
  • Exposure to radiation/burning 12 • Identify radiation zone. Stay away from identified zone or turn off 
radiation if possible. 
  
2 (con’t)  
8.1.1.1.1.1.1 Outdoor work – 
Climatological Hazards 
  
  • Thermal/sun – sunburn, skin cancer 
10 
• Hard hats not required/use broad brimmed hat. 
• Wear long sleeve clothing. 
• Apply sun screen(as per instructions for use) 
  • Wind – Debris/dust may enter eye 10 • Consider the use of eye protection 
  • Storms Electrical Storms  
10 
• Never shelter under trees and don’t handle metal objects. 
• Seek shelter in substantial building or enclosed vehicle. 
• If caught in open lightning storm, crouch down with your feet together 
and do not lie down.  
  • Heat – dehydration,  hyperthermia 
• Cold -  hypothermia 10 
• Take and drink plenty of potable water .Use sunscreen. 
• Wear suitably warm clothes in cold conditions 
• Cease work during extreme weather 
 
  Working on or under Bridges/Structures 
(includes scaffolding) 
 
 
  • Falling objects on head (when underneath) 
2 
• If someone working above you shouts, DO NOT look up – they may be 
shouting to warn you they have dropped something 
 
  • Excessive Noise 8 • Use suitable hearing protection 
  Working on or near private properties   
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Step 
List work activity steps  Hazards/Risks Ranking Control Measures 
  • Hostile residents 15 • Contact residents/owner prior to working on, or crossing, their land. 
• Have local police contact number. 
• Do not work on your own. 
  • Electric fences, barbed wire 15 • Assess fences if electrified prior to touching. 
 
 
 
 • Savage Dogs 
15 
• Keep hands by side; don’t speak; don’t take eyes off dog; don’t move. 
2 (con’t)  Working alone or in Remote Areas   
  • Getting lost 
• Personal Injury 
6 • Discipline leader is to monitor estimated time of return or contact 
intervals. 
• Communications. Assess if practical/safe to work alone. 
• For remote areas, ensure you have a Communications System such 
as a CDMA Phone and/or EPIRB (emergency beacon) or Satellite 
Phone 
  Use of machete/axe/brush hook to clear vegetation   
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Step 
List work activity steps  Hazards/Risks Ranking Control Measures 
  • Cut or injury from exposed blades or 
sharps 
 
9 
• Wear suitable body covering clothing/protection. 
• Wear suitable shoes 
• Carry first aid kit. 
• Do not work on your own.  
• Have solid, stable footing. 
• Make sure you have unobstructed swing (at sides and overhead). 
• Swing Cutting Blade away from body, arms and legs. 
• Keep body and limbs well away from blade whilst cutting bush or small 
trees. 
• Do not stand within swing range of a person using a brush hook or axe. 
• Ensure blade is sharp to avoid blade bouncing off timber 
• Cover brush hooks and axe blades with blade cover when transporting 
on foot 
• When working with brush hook or axe & the blade is uncovered do not 
carry on shoulder & only carry these items by themselves 
• Do not carry more than you are comfortable with &  is manageable 
under the circumstances (weather, terrain, vegetation conditions etc) 
• Ensure multiple items of equipment are strapped together when 
transporting on foot. 
• Do not carry sharps (nails, hammers, drills etc) in clothing pockets. 
Carry in field bags or backpacks 
  • Debris entering eyes 9 • Use Eye Protection. 
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2 (con’t)  Use of chainsaw/brush cutters to clear 
vegetation 
 
 
  • Cut or injury from exposed blades 9 • Only suitably fully trained operators are to use chainsaws otherwise 
contractor to be hired. 
  • Noise 9 
• Wear earplugs/muffs 
• Avoid area until noise gone 
  • Fire or explosion from handling & 
storage of machinery fuels 
9 
• Chainsaw fitted with spark arresters. 
• Operator must follow manufacturers instructions for refilling tanks (fuel 
& chain/bar lubricant) 
• Store and use fuels as per MSDS, i.e. in approved containers, cool 
surrounds and do not expose to naked flames or other ignition 
sources. 
 
 ENVIRONMENTAL  ASPECTS Environmental Issues  •  
 Field Survey work • Destroying protected/endangered 
species of plants/trees and/or animals 
etc. 
 
• Check with client and Environment Impact Study(E.I.S.) 
• Use environmentalist to identify protected/endangered plant, 
animal, etc, if required. 
  • Damaging sensitive ecological areas.  • Check with client and Environment Impact Study(E.I.S.) 
• Use environmentalist to determine extent of sensitive area/s. 
  • Transfer of disease.  • Check with client and E.I.S. to see if disease transfer is an issue. If 
necessary contact Department of Agriculture for relevant control 
measures. 
  Heritage Issues   
  • Defacing heritage items  • Check with client and E.I.S. and/or heritage consultant report. 
• Do not deface or disturb any old structure or listed items. 
• If in doubt ask your supervisor. 
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Legislative & Regulatory Requirements  Mandatory OH&S Training  Protective Equipment  
• NSW OH&S Act 2000  • NSW Construction Induction (Green Card) q • Safety boots/shoes  q 
• NSW OH&S Regulation 2001  • Standard work site induction o • Hard hat  o 
• Code of Practice for Moving Plant on construction sites  • Work activity hazard identification and assessment o • Protective clothing with reflective strips / safety vest  o 
• RTA Traffic Control for work sites  • Confined spaces training o • Safety glasses / goggles  o 
  • Working of Heights o • Ear muffs / ear plugs  o 
  • First Aid q • Sunscreen, Sun Hat o 
  • Manual handling o • Gloves (as required) o 
  • RIC Track awareness o REPORT ANY INJURY OR NEAR MISS (MANADATORY) q 
Additional Control Measures required - details 
 
 
 
  
 
 
 
 
 
 
Workcrew – signatures (Sign each day on site to confirm the existing SWMS is still valid and/or that additional hazards have been found and additional control measures are required.) 
I have read & understand stand my responsibilities to implement the control measures identified in the Safework method statement (including any additional control measures) identified above. 
I hold all the required site & statutory inductions and they are current plus I have a copy available upon request. 
Name Signature Date Name Signature Date 
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Emergency Response Contact Details 
Motor Vehicle Accident Contact Police, Ambulance 000 Damage to Underground services Poisons Information 13 11 26  
Sydney Water  13 20 90 Local Council Phone:  Serious Accident or 
Dangerous occurrence 
Contact WorkCover on 131 050 
for non-disturbance incident Hunter Water Corporation 1300 657 657 Connell Wagner Contacts 
Police Police Station Phone: 000 Gas Agility 13 19 09  Enq 02 49535102 Neutral Bay Office Phone 02 9465 5599 
Fire Fire Brigade 000 Energy Australia 13 13 88  or 02 4951 0899 Newcastle Office Phone  02 4941 5415 
Telstra 132203 NSW Survey Manager: Graham Tweedie 02 8197 4613 
Optus 1800 505 777 Newcastle Survey Manager: Paul Stivano 02 4941 5301 
 OH&S Manager: Graeme Martyn 02 4941 5415 
Fuel or Oil spill If cannot be contained,  
Contact Fire Brigade 000 
If necessary contact EPA on  
131 555 (Pollution Line)  Environmental Manager: Gad Hakim 02 9465 5710 
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Safety and Environmental Risk Ranking Matrix Likelihood 
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OHS Fatality 
ENV 
Long term irreversible environmental damage 
(Significant Prosecution and fines) 
1 2 4 7 11 
OHS Permanent disability 
ENV 
Long term irreversible environmental damage 
(Major breach of Regulation) 
3 5 8 12 16 
OHS Loss time injury 
ENV 
Serious medium term environmental effects 
(Serious breach of Regulation) 
6 9 13 17 20 
OHS Medical treatment 
ENV 
Moderate Short term environmental effects 
(Minor Legal Issues) 
10 14 18 21 23 
OHS Minor injury 
ENV 
Minor environmental effects 
(Minor Legal Issues) 
15 19 22 24 25 
The Safety and Environmental Risk Ranking Matrix gives a risk ranking from 1 to 25  
• A ranking of 1 to 6 (shown in red) is considered high risk and requires urgent control measures before proceeding 
• A ranking of 7 to 15 (shown in yellow) is considered a medium risk and requires appropriate control measures to be established. 
• A ranking of 16 to 25 (shown in green) is considered a low risk with control measures at the discretion of the working party
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Appendix E – Ausgeoid98 – Ellipsoid Separation Values 
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AUSGEOID98 Geoid-Ellipsoid Separation 
Interpolation 
N Value Calculation Results 
 
   
Computed using National Mapping Division's winter4u program, version 
6.2 
 
   
PM 52389 
   
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°35'33" +151°19'28" 23.709 -6.792  1.824 
 
   
SSM 108024 
   
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°47'23" +151°13'43" 23.083 -8.372  1.484 
 
   
SSM 24639 
   
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°41'41" +151°18'38" 23.372 -6.763  2.910 
 
   
TS 1100 Boundary 
  
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°42'27" +151°12'12" 23.414 -6.686  0.664 
 
   
TS 1582 Cook 
  
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°41'58" +151°07'35" 23.463 -6.863  0.948 
 
   
TS 2868 Lix 
  
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°40'47" +151°16'26" 23.467 -6.319  2.244 
 
   
TS 2888 Long Reef 
  
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°44'29" +151°18'53" 23.187 -7.451  3.185 
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TS 2962 Manly 
  
Latitude Longitude N Value Deflections 
---------- 
----------- ------- ------------- 
-33°45'15" +151°15'51" 23.203 -7.488  2.316 
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Appendix F – Copy of static observation field notes and observation times 
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Appendix G1: Static observation order and occupation duration 
 
14th July 2008  15th July 2008  16th July 2008  
Control Mark Time 
Occupied 
Control Mark Time 
Occupied 
Control Mark Time 
Occupied 
TS 2888 07.54 – 08.30 SSM 24639 06.20 – 06.50 TS 2962 06.15 – 06.45 
  PM 52389 07.45 – 08.15 SSM 108024 07.18 – 07.48 
  TS 2868 09.40 – 10.11 TS 1582 08.25 – 08.55 
  TS 1100 11.17 – 11.47 TS 1100 09.37 – 10.07 
  TS 1582 12.21 – 12.52 TS 2868 10.38 – 10.58 
11.06 – 11.21 
  SSM 108024 14.15 – 14.45 PM 52389 12.12 – 12.42 
  TS 2962 15.23 – 15.53 SSM 24639 13.44 – 14.14 
  TS 2888 16.51 – 17.22 TS 2888 14.53 – 15.23 
 
 
 
 
Appendix G2: RTK observation order and occupation times 
 
15th July 2008   16th July 2008   
Control Mark Time 
Occupied 
Reference 
Station 
Control Mark Time 
Occupied 
Reference 
Station 
SSM 24639 06.53 – 07.03 
07.05 – 07.07 
Chippendale 
Villawood 
TS 2962 06.47 – 06.48 
06.49 – 06.50 
Villawood 
Chippendale 
PM 52389 No RTK 
Solution 
 SSM 108024 07.49 – 07.50 
07.51 – 07.52 
Chippendale 
Villawood 
TS 2868 09.13 – 09.23 
09.27 – 09.37 
Chippendale 
Mulgrave 
TS 1582 08.57 – 08.58 
08.59 – 09.00 
Villawood 
Chippendale 
TS 1100 10.53 – 11.03 
11.04 – 11.14 
Chippendale 
Villawood 
TS 1100 10.08 – 10.09 
10.10 – 10.11 
Villawood 
Chippendale 
TS 1582 12.54 – 13.04 
13.05 – 13.15 
Villawood 
Chippendale 
TS 2868 11.22 – 11.23 
11.26 – 11.27 
Chippendale 
Mulgrave 
SSM 108024 13.52 – 14.02 
14.03 – 14.13 
Chippendale 
Villawood 
PM 52389 12.44 – 12.54 
12.56 – 13.06 
13.08 – 1309 
13.10 – 13.11 
Chippendale 
Villawood 
Chippendale 
Villawood 
TS 2962 15.55 – 16.06 
16.07 – 16.20 
Villawood 
Chippendale 
SSM 24639 14.15 – 14.25 
14.26 – 14.27 
Villawood 
Chippendale 
TS 2888 17.23 – 17.33 
17.33 – 17.44 
Chippendale 
Villawood 
TS 2888 15.25 – 15.26 
15.27 – 15.28 
Chippendale 
Villawood 
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Table H1: Indicates the differences determined in easting and northing at all network control marks 
against the known SCIMS values. 
 
Network 
Control 
Mark 
Observed 
Easting 
Observed 
Northing 
MGA 
Easting 
MGA 
Northing  ∆E  ∆N 
PM 52389 344521.127 6281774.712 344521.134 6281774.695 -0.007 0.016 
SSM 108024 336001.169 6259740.670 336001.176 6259740.667 -0.007 0.003 
SSM 24639 343426.725 6270411.388 343426.749 6270411.366 -0.024 0.022 
TS 1100 333507.285 6268819.694 333507.284 6268819.705 0.001 -0.011 
TS 1582 326362.165 6269579.243 326362.158 6269579.270 0.006 -0.027 
TS 2868 340004.985 6272018.614 340005.002 6272018.620 -0.017 -0.006 
TS 2888 343899.184 6265228.697 343899.224 6265228.672 -0.040 0.025 
TS 2962 339231.396 6263754.996 339231.396 6263754.997 0.000 -0.001 
    
Mean -0.0111 0.0027 
    
St Dev 0.0154 0.0178 
 
 
Table H2: Shows the individual baseline results for PM 52389 compared to SCIMS known values. 
 
Network 
Control 
Mark 
Reference 
Base Station 
Observed 
Easting 
Observed 
Northing 
MGA 
Easting 
MGA 
Northing  ∆E  ∆N 
PM 52389 Chippendale 344521.122 6281774.708 344521.134 6281774.695 -0.013 0.012 
PM 52389 Villawood 344521.128 6281774.716 344521.134 6281774.695 -0.006 0.020 
PM 52389 Cowan 344521.127 6281774.708 344521.134 6281774.695 -0.007 0.013 
PM 52389 Mulgrave 344521.130 6281774.715 344521.134 6281774.695 -0.004 0.020 
          
Mean -0.0074 0.0165 
          
St Dev 0.0035 0.0045 
 
 
Table H3: Indicates the differences determined in easting and northing at all network control marks 
against the known SCIMS values. 
 
Network 
Control 
Mark 
Observed 
Easting 
Observed 
Northing 
MGA 
Easting 
MGA 
Northing  ∆E  ∆N 
PM 52389 344521.132 6281774.709 344521.134 6281774.695 -0.002 0.013 
SSM 108024 336001.158 6259740.665 336001.176 6259740.667 -0.018 -0.002 
SSM 24639 343426.733 6270411.388 343426.749 6270411.366 -0.016 0.022 
TS 1100 333507.280 6268819.717 333507.284 6268819.705 -0.004 0.012 
TS 1582 326362.172 6269579.236 326362.158 6269579.270 0.014 -0.034 
TS 2868 340004.995 6272018.618 340005.002 6272018.620 -0.007 -0.002 
TS 2888 343899.182 6265228.692 343899.224 6265228.672 -0.042 0.019 
TS 2962 339231.400 6263755.004 339231.396 6263754.997 0.003 0.007 
    
Mean -0.0091 0.0044 
    
St Dev 0.0169 0.0180 
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Table H4: Average static observations & average RTK observations compared to SCIMS MGA values 
of network control marks 
 
   
Network 
Control 
Mark 
Method Observed Easting 
Observed 
Northing 
MGA 
Easting 
MGA 
Northing  ∆E  ∆N 
PM 52389 Static 344521.127 6281774.712 344521.134 6281774.695 -0.007 0.016 
  RTK 344521.132 6281774.709 344521.134 6281774.695 -0.002 0.013 
SSM 108024 Static 336001.169 6259740.670 336001.176 6259740.667 -0.007 0.003 
  RTK 336001.158 6259740.665 336001.176 6259740.667 -0.018 -0.002 
SSM 24639 Static 343426.725 6270411.388 343426.749 6270411.366 -0.024 0.022 
  RTK 343426.733 6270411.388 343426.749 6270411.366 -0.016 0.022 
TS 1100 Static 333507.285 6268819.694 333507.284 6268819.705 0.001 -0.011 
  RTK 333507.280 6268819.717 333507.284 6268819.705 -0.004 0.012 
TS 1582 Static 326362.165 6269579.243 326362.158 6269579.270 0.006 -0.027 
  RTK 326362.172 6269579.236 326362.158 6269579.270 0.014 -0.034 
TS 2868 Static 340004.985 6272018.614 340005.002 6272018.620 -0.017 -0.006 
  RTK 340004.995 6272018.618 340005.002 6272018.620 -0.007 -0.002 
TS 2888 Static 343899.184 6265228.697 343899.224 6265228.672 -0.040 0.025 
  RTK 343899.182 6265228.692 343899.224 6265228.672 -0.042 0.019 
TS 2962 Static 339231.396 6263754.996 339231.396 6263754.997 0.000 -0.001 
  RTK 339231.400 6263755.004 339231.396 6263754.997 0.003 0.007 
     
Mean -0.0101 0.0035 
     
St Dev 0.0157 0.0173 
 
 
Table H5: Average static height observations compared to SCIMS AHD values of network control 
marks 
 
 
Network 
Control 
Mark 
Observed 
AHD Value 
SCIMS AHD 
Value  ∆RL 
PM 52389 8.575 8.661 -0.086 
SSM 108024 45.781 45.843 -0.063 
SSM 24639 39.062 39.158 -0.096 
TS 1100 188.935 189.081 -0.146 
TS 1582 201.235 201.325 -0.090 
TS 2868 179.028 179.110 -0.082 
TS 2888 35.487 35.610 -0.123 
TS 2962 154.958 155.020 -0.062 
  
Mean -0.0935 
  
St Dev 0.0289 
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Table H6: Individual baseline height observations 
 
Network 
Control Mark 
Reference 
Base Station 
Observed 
AHD Value 
SCIMS AHD 
Value ∆RL 
PM 52389 Chippendale 8.538 8.661 -0.123 
PM 52389 Villawood 8.570 8.661 -0.091 
PM 52389 Cowan 8.554 8.661 -0.108 
PM 52389 Mulgrave 8.639 8.661 -0.022 
   
Mean -0.0859 
    
St Dev 0.0160 
SSM 108024 Chippendale 45.730 45.843 -0.113 
SSM 108024 Villawood 45.744 45.843 -0.100 
SSM 108024 Cowan 45.784 45.843 -0.059 
SSM 108024 Mulgrave 45.865 45.843 0.022 
   
Mean -0.0625 
   
St Dev 0.0278 
SSM 24639 Chippendale 39.022 39.158 -0.136 
SSM 24639 Villawood 39.043 39.158 -0.116 
SSM 24639 Cowan 39.068 39.158 -0.090 
SSM 24639 Mulgrave 39.118 39.158 -0.041 
   
Mean -0.0956 
   
St Dev 0.0233 
TS 1100 Chippendale 188.906 189.081 -0.175 
TS 1100 Villawood 188.929 189.081 -0.153 
TS 1100 Cowan 188.914 189.081 -0.167 
TS 1100 Mulgrave 188.990 189.081 -0.091 
   
Mean -0.1464 
   
St Dev 0.0114 
TS 1582 Chippendale 201.188 201.325 -0.137 
TS 1582 Villawood 201.202 201.325 -0.123 
TS 1582 Cowan 201.210 201.325 -0.115 
TS 1582 Mulgrave 201.300 201.325 -0.025 
   
Mean -0.1002 
   
St Dev 0.0109 
TS 2868 Chippendale 178.997 179.110 -0.113 
TS 2868 Villawood 179.014 179.110 -0.096 
TS 2868 Cowan 179.009 179.110 -0.101 
TS 2868 Mulgrave 179.083 179.110 -0.027 
   
Mean -0.0842 
   
St Dev 0.0089 
TS 2888 Chippendale 35.458 35.610 -0.152 
TS 2888 Villawood 35.484 35.610 -0.126 
TS 2888 Cowan 35.475 35.610 -0.135 
TS 2888 Mulgrave 35.531 35.610 -0.079 
   
Mean -0.1233 
   
St Dev 0.0134 
TS 2962 Chippendale 154.917 155.020 -0.103 
TS 2962 Villawood 154.929 155.020 -0.091 
TS 2962 Cowan 154.958 155.020 -0.062 
TS 2962 Mulgrave 155.007 155.020 -0.013 
   
Mean -0.0674 
   
St Dev 0.0211 
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Table H7: Indicates the differences determined in height at all network control marks against the 
known SCIMS values. 
 
Network 
Control 
Mark 
Observed 
AHD Value 
SCIMS AHD 
Value  ∆RL 
PM 52389 8.582 8.661 -0.080 
SSM 108024 45.782 45.843 -0.062 
SSM 24639 39.101 39.158 -0.058 
TS 1100 188.997 189.081 -0.084 
TS 1582 201.230 201.325 -0.095 
TS 2868 179.088 179.110 -0.022 
TS 2888 35.496 35.610 -0.114 
TS 2962 154.957 155.020 -0.064 
  
Mean -0.0723 
  
St Dev 0.0278 
 
 
Table H8: Average static observations & average RTK observations compared to SCIMS AHD71 
values of network control marks 
 
 
Network 
Control 
Mark 
Method Observed AHD Value 
SCIMS AHD 
Value  ∆RL 
PM 52389 Static 8.575 8.661 -0.086 
  RTK 8.582 8.661 -0.080 
SSM 108024 Static 45.781 45.843 -0.063 
  RTK 45.782 45.843 -0.062 
SSM 24639 Static 39.062 39.158 -0.096 
  RTK 39.101 39.158 -0.058 
TS 1100 Static 188.935 189.081 -0.146 
  RTK 188.997 189.081 -0.084 
TS 1582 Static 201.235 201.325 -0.090 
  RTK 201.230 201.325 -0.095 
TS 2868 Static 179.028 179.110 -0.082 
  RTK 179.088 179.110 -0.022 
TS 2888 Static 35.487 35.610 -0.123 
  RTK 35.496 35.610 -0.114 
TS 2962 Static 154.958 155.020 -0.062 
  RTK 154.957 155.020 -0.064 
  
 Mean -0.0829 
  
 St Dev 0.0295 
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Table H9: Comparison of easting and northing from day to day static observations 
 
  
MGA 
Easting 
MGA 
Northing 
PM 52389 15/07/2008 344521.134 6281774.715 
 16/07/2008 344521.119 6281774.708 
∆ Between Days 0.015 0.007 
SSM 108024 15/07/2008 336001.174 6259740.677 
 16/07/2008 336001.163 6259740.664 
∆ Between Days 0.011 0.013 
SSM 24639 15/07/2008 343426.721 6270411.391 
 16/07/2008 343426.729 6270411.384 
∆ Between Days -0.008 0.007 
TS 15/07/2008 333507.287 6268819.693 
BOUNDARY 16/07/2008 333507.283 6268819.696 
∆ Between Days 0.004 -0.004 
TS 15/07/2008 326362.169 6269579.251 
COOK 16/07/2008 326362.162 6269579.238 
∆ Between Days 0.007 0.013 
TS 15/07/2008 340004.985 6272018.609 
LIX 16/07/2008 340004.985 6272018.617 
∆ Between Days 0.000 -0.008 
TS 14/07/2008 343899.189 6265228.701 
LONG REEF 15/07/2008 343899.184 6265228.694 
  16/07/2008 343899.179 6265228.697 
∆ Between Days 1 & 2 0.005 0.007 
∆ Between Days 2 & 3 0.005 -0.003 
∆ Between Days 1 & 3 0.010 0.004 
TS 15/07/2008 339231.396 6263755.004 
MANLY 16/07/2008 339231.395 6263754.991 
∆ Between Days 0.001 0.013 
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Table H10: Comparison of easting and northing from day to day RTK observations 
 
 
 
 
MGA 
Easting 
MGA 
Northing 
SSM 108024 15/07/2008 336001.157 6259740.668 
SSM 108024 16/07/2008 336001.162 6259740.661 
∆ Between Days -0.005 0.007 
SSM 24639 15/07/2008 343426.734 6270411.389 
SSM 24639 16/07/2008 343426.730 6270411.388 
∆ Between Days 0.004 0.001 
TS 15/07/2008 333507.281 6268819.725 
BOUNDARY 16/07/2008 333507.278 6268819.715 
∆ Between Days 0.003 0.010 
TS 15/07/2008 326362.168 6269579.236 
COOK 16/07/2008 326362.178 6269579.235 
∆ Between Days -0.010 0.001 
TS 15/07/2008 340004.991 6272018.620 
LIX 16/07/2008 340005.000 6272018.615 
∆ Between Days -0.010 0.005 
TS 15/07/2008 343899.182 6265228.692 
LONG REEF 16/07/2008 343899.180 6265228.692 
∆ Between Days  0.003 0.000 
TS 15/07/2008 339231.401 6263755.006 
MANLY 16/07/2008 339231.395 6263755.000 
∆ Between Days 0.005 0.006 
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Table H11: Comparison of heights from day to day static observations 
 
  
AHD RL 
PM 52389 15/07/2008 8.616 
  16/07/2008 8.535 
∆ Between Days 0.081 
SSM 108024 15/07/2008 45.799 
  16/07/2008 45.762 
∆ Between Days 0.038 
SSM 24639 15/07/2008 39.086 
  16/07/2008 39.039 
∆ Between Days 0.047 
TS 15/07/2008 188.958 
BOUNDARY 16/07/2008 188.912 
∆ Between Days 0.046 
TS 15/07/2008 201.274 
COOK 16/07/2008 201.215 
∆ Between Days 0.059 
TS 15/07/2008 179.030 
LIX 16/07/2008 179.018 
∆ Between Days 0.012 
TS 14/07/2008 35.505 
LONG REEF 15/07/2008 35.471 
  16/07/2008 35.485 
∆ Between Days 1 & 2 0.033 
∆ Between Days 2 & 3 -0.013 
∆ Between Days 1 & 3 0.020 
TS 15/07/2008 154.959 
MANLY 16/07/2008 154.957 
∆ Between Days 0.003 
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Table H12: Comparison of heights from day to day RTK observations 
 
  
AHD RL 
SSM 108024 15/07/2008 45.794 
  16/07/2008 45.760 
∆ Between Days 0.034 
SSM 24639 15/07/2008 39.090 
  16/07/2008 39.117 
∆ Between Days -0.026 
TS 15/07/2008 188.960 
BOUNDARY 16/07/2008 189.004 
∆ Between Days -0.045 
TS 15/07/2008 201.215 
COOK 16/07/2008 201.247 
∆ Between Days -0.032 
TS 15/07/2008 179.094 
LIX 16/07/2008 179.073 
∆ Between Days 0.021 
TS 14/07/2008 35.489 
LONG REEF 15/07/2008 35.510 
∆ Between Days 1 & 2 -0.021 
TS 15/07/2008 154.951 
MANLY 16/07/2008 154.978 
∆ Between Days -0.028 
 
 
 
